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‘This paper is intended as a warning, on ‘connections in 
which negative moments due to gravity loads are neglected. Very high 
stresses in the connection | ‘members 1 may be relatively harmless i in ‘themselves, ae , 
but dangerous as far as rivets are concerned, especially under 
ing may result. condensed sum- 


ind sébistance in structures is divided be 
steel, walls, partitions, ete., in an unknown ratio. The mass inertia creates 
a additional resistance against gusts of wind. ~The ‘modern tendency toward 


_— inereased | height and relatively lighter weights intensifies the deflection and 


rings the question of rational design to the front. ty 


bi 
_ What is tl the use of providing thousands of rivets ‘that can not 
the work ‘expected, and other rivets stressed to such a point that a few years” 


of ‘service will: loosen them and increase the sway? To make architects 
“kneebrace- -minded” would go far toward increased strength, conscien- 


tious design of the present- -day types of connection meets apn difficulties 


to the large number of rivets required. eft “a 
The term, “educated moments,” is sometimes used in 


+ design to denote that the e reinforcement i is placed more to suit the practical ee 


the elastic theory justify. Instead of providing for a 


support , a smaller value,. such or ——, is substituted, 


that a Te- of stresses will take place. 


discussion on this paper will be closed in April, 1932, Proceedings 
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“Fig 1 1 illustrates the computed and “measured moments 


_ obtained from tests” on continuous beams. The conditions are that the beams 

are completely fixed at the ends: 47% of the bottom reinforcement steel is 

extended over the e support. Steel ‘designers generally take for granted that 
stresses will be distributed to the connection; that the weaker parts 


will § “give;” and that there is a balancing of stresses from the weaker to the 


stronger This may be justified within « certain limits. 
A beam with connections, as shown in Fig. 2, is as 
simply supported. If the column is unyielding, the connection angles must 


Ris 
be sufficiently elastic to permit, the beam ends to rotate, Angles, 3 in. 


vas ‘CALCULATED MOMENTS 


ated Moment 
+ + 


in Relation t 


with 4-in. legs, will readily satisfy this requirement. Th he computed stresses 
in . the angles are high, but. harmless, because at no no time is there any danger 
of excessive pull on the rivets. However, if the legs are made very thick the _ 
which are’ generally considered as taking shearing st stresses only, will 


be called u upon to take heavy tensile stress in addition, due to the increased 

‘addition to definitions given directly in the te text, the nota-— 


tion in this paper is arranged for convenience in Appendix 


Av. 


It is logical to base the on ‘the stage in which the initial 


‘ 


ested Moments 


is reached on on the rivet, ‘and to express the factor - safety, as follows: eo 


Initial tension value of rivet viboot 


‘ae Factor of safety 


us 


> 


2Deutschen Ausschuss fiir Bisenbeton, 41-47, “Versuche mit Eisen-— 
1 _ betonbalken,” Technischen Hochschule zu Stuttgart, by Dr. Ing. Cc. Bach and O Graf. .@ 
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a It. is readily seen that the I: beam stub connection (Fig. 3 7 with a 
tension force of the value, 2S, can not deform as illustrated in Fig. 3. (db). 
‘The initial tension in rivets would have to be ¢ overcome to o permit the ca 
to elongate. force, is which maintains the in 


“ 


ou 


'R-S 


1G. 

not unreasonable to assume ne that the force, R— 8, is. distributed as a trian- 


4 gular load, zero at the rivet center, and sheen i at the edge. _ This would 


Tecate the center of of gravity of the force at a distance equal to % .C from the 


rivet center. (Actually the | pressure diagram i is parabolic due to ove deforma- 
tion of the plate. However, the corresponding shorter arm is compensated 
_ for by the fact that the rotation due to the variation of pressure between the 


X denotes: the distance from the point of 
“center, the following equations | can be written: om 


pe 


Reliable tests are available on rivets.’ For red- hot driven rivets, 


the ultimate strength was found to be 54000 lb. per sq. ‘in; the yield point, 


~ 87000 Ib. per sq. in. ; and the initial stress at least 0% of - the yield-point — 
strength, or 25 900 Ib. per. ‘sq. in, T able 1 gives the foregoing values: applied 


. 210, Eng. Experiment Station, Univ. of Illinois, by Wilbur M. Wilson, 
and William A, Oliver, , Assoc. M. Soc. C. B. 
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There i is some element doubt relative to the value, 0; in Equation (1). 

is possible that a reduced value of ‘the distance from rivet center to the 
- effective bearing edge should be entered in the equation when used for thinner . 

plates, so that msi: function of the thickness of the plate plus: one-half 
the diameter of the rivet head. - However, in most practical cases, the plate 


thicknesses a are such that this question | does not have any importance. _y 
Dimensions AND Srreverus OF Rivers 


TABLE 1- 
~ Initial 


strength, in |in pounds per| § trengt 
pounds per 


Diameter, i ininches area,in in square 
[square inches} inches pounds per square inch 
square inch ier! ~~ | square inch 


27 540 «| «(19 160 

87 260 25 530 
47840 32 780 


ath 

Example -1= —For a 120- Ib, I-beam (Fig: 3), A= 210 iny C= 

‘LS-in,, X = 0.415 in., and A =0. 87 in. (The value, 0.415 A, for the point — 

of contraflexure on ‘the “assumption that the flange of the I- -beam 


‘stub. is acting as a beam fixed. at the rivets, and the variable moment of 
~jnertia corresponding to a plate thickness of 1.06 in. at the rivets and 1.4 in. 


at the web.) 
For 3-in. . rivets, , the initial tension will be reached for a pull 2 Be ; that i is, 


x 13410 x 2_ =2x7 170° 


“which shows that the initial tension of a }-in. to 13. 410 lb. is 
of acting as described 


in 

q 


Professor Young’ 8 Tension Formula ‘for Rivets In 2 a paper, * read 


the American Institute of Steel Construction, OR. Young, M: ‘Am. Soc. C. 
the following equation for tension stress i in rivets: 
“fp 000 — 8000 d—5 500 (8) 


in fr is permissible. tension stress on 


Engineering News-Reeord, Vol. 100, 1928. 
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WIND- BRACING. ‘CONNECTION #4 1 

rivet, in. before driving; : » @ ithe 


: _ Equation (3) is based on tests using 4 by 4-in. _ angles. _ In comparing the | 
values from it with the values derived from Equation (2a), it becomes impor- 


tant, to use » the right indement telative to the eccentricity, 


JOE & a condition as shown ix in Fig. 


the point o of' contraflexiite of ‘be 
at os ate Jay thas rake 


Salad 


silt 


“missible pull on the connection per ‘rivet. on assumptions: 


& 


fie 


Factor-of safety of 2 on | berets | on 

Pactor of safety of 4 on ultimate strength, e= oo 

haqal ae: ott Iootip “wists 0. 65 tow 2906 


i, 


E 2. —CoMPARison OF STRESSES 
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oul applies only for stages at the initial tension of the 
Bs values are ‘meaningless because the rivet stress is never less, than dl 


initial tension value, From this point on, the rivet elongation must be taken 7 


following equation can be derived from. the loading condition, as 
4 = 4,=(R— Ri)- 


in which, Ri is the total ‘stress on n the rivet ; Be the total initial stress: on the 
“rivet; g the rivet grip; the area of the rivet ; E, the modulus of elasticity 
An, rivet elongation ; rivet to force, R; and 


ter 


ing as shown in Fig he | in ‘plotting the curves were: 


- 


12 


Yietd Point 


2 
x 
c 
¢ 


2... 


n f n 
Values of Inertia of Connection Fla ge 


6.—RELATION BETWEEN ToTAaL River STRESS AND MoMENT or INERTIA or 


thickness does not ‘the t tension developed. 
Connections with more than one line of rivets, such as shown in Fig. 4, 


merits only because of increased shearing value. Analyzed on the 
elastic theory, using commercial s sizes, it is not possible to rely on any tension | 


on the second line of rivets, R., unless the stress in the first line of rivets, = 


exceeds not only the initial tension of the rivet, but also the yield point. \ 


A bending moment, M, at the joint, shown in Fig. 7 is 
a couple, of force, S, acting on an érm,. ¥. =¥ The compression force, S, i is 


the column. The only bending effect at the lower 
load. 


au — 


— 

QR on two rivets, for 2 S, = 16 kips. 

(Fig. 3(a)). From a study of Fig. 6, it is f > 
Variations from u to d vel ed on connection rivets under a constant 

= shown that the total tens e gauge distance, a, and with the thick- 
varies materially with 
2 S, varies materially 

— 
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At the top, the tensile force would tend to pull the angle away from an 
4 face of the column, introducing bending moments in “both legs « of the angle. 
‘The | elastic line | of the deformed angle ‘is unchanged at the rivet, which 


vertical, and at the ‘rivet, Re which remains horizontal. Rivet Re 


Referring to Fig. 5, the: angle is to he completely fi fixed at R, 


“Hence, M M.=4 Me; anc and, b= Me = 2 MA 


corner ‘moment (Me i in ‘Fig. 5(b)), is, aT 
~ 


n (Fig. 

Fora moment in the opposite | direction, the effect on the angles i is} reversed. 


he combined effect of bending on the lower angle from a force, S, plus 


ece entricity from the application the direct load, would make a 


* rious condition than is the ¢ case for the top, except for the fact that, in © 
cases, the moment from the gravity loads is from the wind 


moment, producing tension at the bottom. atte int 
Example 2 2—For a top angle, 6 by by A= 2 t= 14 in; 
; and, C = 1.5 in. Equation (6), A= X = 0.55, 


me 
he 
— 
“a — 
1 
‘ 
— 
— 
é 
- iia 
| 
the distance from the ) the point of zero 
4, 
— 
~ 
— 
er 
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= 0.95 in. The per. ‘with a factor of safety 


tr 
410 


4 = 3 440. ~The maximum bending 


3 440 (0.95 = 327 ind “The ‘bending ‘stress for metal, 


4 in. wide, equals Fo x Snape 19 600 Ib. pe per sq. in. It will be noted _ 
that for a value of Q 8 (the point at which the initial tension value the 
3 rivet is s reached), the stress in the angle would have reached the elastic limit. 
| Therefore, with increased stress, a thicker angle would loosen the rivet while, 
due to the shifting of the point of zero ) moment and the “give’ ’ in the leg, 7 
a thinner angle would ‘not proportionally increase the rivet 
| 
SHearep CHANNELS 
| channel (see Fig. 8), is is analyzed, in an manner 
ied to that of the angle, , except that. the flange an and web thicknesses 4 vary. 
If the average moment of inertia of the flange is ‘elias and al of the web, Tw, 
Equation. (6) can be 1 re- -written for channels: 


=D +t. For a constant “thickness, + flange, 


rey a “straight- variation from (the thickness at the rivet) to m (the 
thickness at the w eb), the distance, X, is equal mens *.. 


va 
Benavior Bryonp THE Exastic 


The cations developed for the location of. points of contraflexure of con-— 
nections have | been based on stresses within the elastic limit. Above the: 
elastic: limit, -adjustments ‘take place. ‘The writer is not in position 


a definitely to determine these re- 2-adjustments. Probably tests. ‘would be required. 
However, some can be derived. A redistribution of the 
moments in relation to’ the section modulus does not seem 
that | ease, the distance, x equals, approximately, 


The same to angles would x= A for’ all cases above 


vs 
of 2 is, 
1 
— 
+” 
9) 
> 
~ 
q 
| 
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Rorarion FROM OF CONNECTIONS 


The rotation of the beam end, due to > deformation of the 


ig. 9), can be expressed: 
6 = tan = (A; _ 


in which, Ay: is the due to in the top connection from 
S= =1; the elongation due to tension in the top connection only, for = 


= 


the shortening i in the bottom connection due — and, short- rt 
ening due to compression when = 


4 in which, J is the effective length of connection, and F’, the total area of web 


sheared I-beams or horizontal leg for angles. = = shortening in 
e bottom connection due to bending from S=1. In most cases this value is 


zero, as the connection butts | up against the column | or adjacent connection. 


=s shortening due to ec ‘compression from S = 1. ne most cases: A 


total moment, M, at the joint, is 
deformation | (eee Fig. 9), and can be =k M,« or 


re 


Table 3 gives values of and 4,, when S equals 


mercial connections. This table also gives the total pull, &,. which stresses 


“rivets up to of the initial tension value, and the “corresponding stress 


flange and web. In Column the various types correspond with those 


fety 
on 
tal, 

ner — 
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TABLE 3 CHARACTERISTICS OF Typicat ComaunotaL Cony CTION 


Total Umrs TRESS, 
Rivets q Square Incu TION 


1- |eter, in|. 
inches in 


by 
by 
by 
b 
b 
b 


y 
y 


NID 


Wd 


by 


15-in., 50-lb. channel...| 
15-in., 50-lb. channel...| 


| 20-in., 81.4-Ib. I-beams.| 
20-in., 56.0-lb. beams*.| 
20-in., 81.4-lb. I-beams.| 
20-in., 56.0-lb. beam*. 

20-in., 81.4-lb. I-beams. 

20-in., 56.0-lb. beams*. 


No 


= 

one 


CO 0100 


Wr bo 


20-in., 81.4-lb I-beams 
20-in., 56.0-lb. beams*. 
20-in., 81.4-lb. I-beams. 
20-in., 56.0-lb. beam*.| 
20-in., 81.4-lb. I-beams.| 
20-in., 56.0-lb. beam*. 


Ss 


Bethlehem Section; C (assumed) = rivet head +3 thickness, uy, 2 at the rivet. : 


Loads —For joint the flowing rotations must 


rotation due to negative moments by gravity loads i is 


+ M GB 


for a typical case, in which, Maa 


Mes; thus, 


L 


4 3 in. by 460} D+ 1.46|1. 
— === 
“we 
— 


1982 


oat 


(f) 
the “ ‘give” in the connection (see Equation (14)). Mur = 


on due to wind i d is, 


ie Equation (21) expresses the rotation of the joint to wind forces, 
_Inslading the effect of the “give” in the connection. — ‘This rotation, it should | 
, also’ unit horizontal deflection, as the influence from 


Forces Only 
4 
a 
— 


“BRACING CONNECTION “EFFICIENCY Papers 
the gravity lo ads i is: small and can be neglected, so that the horizontal deflec- 


from one story to the next can be assumed ‘equal all 
ae in which, his the story height; H, ‘the wind force (Pie 11(b)); and Io, the 


moment of inertia of the column. 


Combined Effect of Wind and Gravity Loads.—Where connections a are of 


such proportions that the elastic limit is not reached, the ‘moments from 
gravity and wind must be combined, ‘so that the tot total rotation is 


ay oe 8. 3—In many practical cases it will be found that the elastic limit - 

of the connection is reached before the maximum | intensity of the moment. 

os = This is due to the prevalent practice of neglecting the gravity loads. That 


this i is erroneous (for stages within the elastic limit) can best be illustrated 
ple. Assume a a beam (Fi ig. 11 (e)), in which, ow = 900 000 


= Mes = Mus = — Ma: = 585 000 —in-lb the length of ‘span, 
= 20 the depth 0 of beam = 12 = 2005 and + 44 


connection, 


This | gives a total of 3 830 | in- Ib. for a condition equivalent to» the moment — 
eurve, G H, and 10 940 in-lb. for the moment curve, H, or nearly three 


as much work. . Therefore, from the theory of least work, the curve, 


G+dH (combined gravity and wind), is the only true “moment curve. 


Since the floor acts as a monolithic m mass, the ‘side movement (deflection) 


as expressed by Equation (22), must. be the same for all joints. A weaker 


joint is relieved by the to ‘gome extent c compensating for ang 


RELATIVE Wuen Connection See 


The connection may reach the e elastic  Timit in ¢ one of the —— ways: 


(A) The web of the I- or the horizontal leg of angle, 


reaches the elastic limit from tension. 


yer (B) The flange of the sheared I-beam, or the vertical leg of the hate, 


in! the elastic limit from bending, 
ne The rivet s stress reaches the elastic limit, 


e 


— 
= — 
— 
il 
+ 
— 
— 
— 


lee 


_WIND- -BRACING CONNECTION EFF 


os If it is not ot possible t to oe the connection within the elastic limit, the 


> 
; writer believes that care should be taken at least to protect the rivets s from 


study of t the stresses Table 3 will help to balance | the 


design. For example, for flange- angle connection, the 1 rivets” are relatively 


than the vertical. leg up to and including, angles, thick, for 
3-in, rivets, and angles, thick, for g-in. rivets Many of the sheared 


. = beam connections as 3 used. to- day would reach the. elastic limit « on 1 the — 


- long before the flange and web stresses are nearly that high. maior 


Consider for a "moment gravity” loads alone, ‘the! 


= 


computed from ‘Equation (18), with the rigid frame Cin which, 


=0), will be found that the connection does not lower, to. any great 


extent, the value ¢ of the e negative moment. ‘The effect of an angle connection 
os may be as s great as | 10% reduction, while the effect of the sheared I-beam is” 
‘nearer 4 per Therefore, the moments as obtained from monolithic frame 
action are from 4 to 10%, and even more, on the safe side a 
Designers: should not neglect checking the connection for gravity 
only. fs Especially for the upper stories, under relatively smaller wind forces, 
the: negative moments induced from gravity loads’ will predominate, These 
gravity negative ‘moments are serious because they exist on both sides of the - 
joint (Fig. 11(f)), with approximately the same intensity, and there is no 
| belmeing effect from the weaker to the stronger connection ; while i in a wind 
moment, if the elastic limit is reached on one side of the column, the bottom 


we on the opposite side of the same 


stresses: to the elastic limit. Not all the moment, Ma, na, but a part of 
can be added before the limit is reached. redistribution’ takes place 
whereby the > remainder of the wind moment is taken by the connection on 
the opposite side of the column. | _ (The wall ‘column is an exception. — In this © 
“case floor will readjust the stresses, transferring them to the 
If the moments: are greater than the gravity “moments, the main 
~ objection to the common method of using wind moments only in designing ; 


= - the connection, is that the elastic limit i is likely to be reached on some part 


of the connection and harmful effects 1 may arise, particularly the danger of 


SUMMARY AND 


lever arm of connection, of joint, joint ‘ 
= deflection (way), , ete, for the commonly used connections, such a a 


| 
(22) 
— 
rom — 
by: 
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ent. 
hat | 
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ent 
lent 
ee 
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present saethod rivet design has: been ‘illustrated, showing particularly 
a stress of 18 000 Ib. pe per sq. in. on the rivet fae used by many designers, 


= stresses actually twice that amount. ; 
silt The importance of analyzing the relative einai of the various parts 0 


7 the connection has been stressed, and a ‘warning against making the rivets the 
weakest has been given. Finally, the designer has been cautioned an 


“against neglecting gravity | loads, porioutetly under the condition when th 


Discrepancies: between current practice and rational analysis emphasize 


‘the need for further experimentations along these lines. 


With the introduction of lighter forms of construction, making buildings 


more vulnerable to win nd, the influence of riveted connections on the life of e 


structures becomes increasingly important, and should ‘re flected in bette 


PR! 
In the paper, the following notation is adopted : au 
dist ; 
length of a structural element ina connection, 


(bs 
rer AGA ‘ 
at e@ = eccentricity of a load acting on a rivet. wal ath 


unit stress; fs, due to stress in the fla: ge, or 


okt 


k=a coefficient i in Equation (14) = 
= effective length of a connection. 
thickness of a flange at the face of the web,, 


wr 


| 


distance from face of web to center line of rivet 
= distance from Tine of wivet to 
flanger 
= depth of beam. 
= modulus of a 
> area of a rivet; F” = total area of web 


= 
horizontal leg for angles. 


j 
4q 
| 
a0 
= 
= thickness of the flange at the center line of the rivet. 
| 
1 


— 


| 
| 
| 


WIN 

te = bending moment. subscript, c, c, denotes moment in ‘the 
-—- @orner of an angle; Subscripts g and h denote moments due 

to gravity and wind loads, respectively ; and Subscripts A 

and B denote e moments at at the ends, A and 'B, respectively, 
R= a tensile force on a rivet. (A subscript, i, denotes initial force. 


= an eccentric force 
= total weight. 


=a arm. 
= the a rivet; 5s, due t 
ie scripts denote cause of elongation, as follows: (1) Bending 7 
- in the top connection due to S = 1; (2) tension in the top 
- eonnection due to S = 1; (3) bending under S=1, causing 
shortening in bottom connection; and (4) compression under 
@= = rotation of the end of a beam due to the deformation of the — 
mes ae ¢x, due to the connection; and ¢y, due to bending» 
moments induced by gravity loads. The significance of the 
subscripts, G, H, and B, is as defined under M. 
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PUBLIC SUPERVISION OF DAMS) 


iss 


the means to be taken ‘the design, 


and maintenance. | Characteristics of the best the extent, 


Popurar INTEREST IN Dams 

~The failure of an engineering structure, unless attended by loss of life | or 


_-property, does not usually attract the attention of the Jayman. hen such 
a failure results in | damage to property | only, it is of interest to the owner or 


“ow: ners of the structure and to the party or - parties damaged. _ When, how- 


ever, the failure involves loss of life as well as damage to property, ‘it becomes: 
a tragedy which is the s subject of great concern to the general public. a 


There : are e probably no 10 engineering structures which t the public fears al 
dams. While the layn man, asa rule, cannot visualize the effects of failure 
, of many engineering works, the destruction which would follow the failure of 


a dam is to” him most apparent. 7 For this reason, there is perhaps more 


Popular interest in dams than in iether engineering construction. 


|The | failure of the St. | Francis Dam in Southern California was a tragic — 


_ occurrence which has prompted. many to. question seriously the stability of 7 


existing dams. It does not follow, however, that the building of dams must | 


be discontinued any more than that mining activities should be discontinued 
because of loss of life in coal-mining operations. 


"4 The conservation | of fuel resources by the building of storage / works for for 


power purposes must be continued. . The irrigation of lands from 

“resources must also be continued, and flood-control reservoirs must be built 
unless other and better means are devised for handling fi flood flows. What 
- the : » failure « hy the St. Francis Dam and other ill-fated dams teaches, is s the 


greater. conservation and sounder judgment, 


in the design and construction of such ch structures. 


Necessiry FOR SUPERVISION 


failures are made, that the critical defects have been almost invariably avoid- 

_ able, had proper judgment and foresight been exercised in the design and 

=. Such avoidable defects can be eliminated almost entirely with 7 
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concludes with comments on the feasibility of building codes for dams. 
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PUBLIC ‘SUPERVISION OF DAMS. 


supervision over er dams, 18, the ‘State is exercising 01 one of 


is 


pro- 


to life, health, and property is in ‘the public interest. is 
that, where these are endangered, resort to is invariably had to 


in further governmental pressure restricting the individual or local ‘group. . 


The same result might have been achieved by action from within the ‘group, 
those in responsible positions would voluntarily exercise “the 


control | dangerous practices. 


-ernments should _— of themselves what i is essential for the protection of 
life and property 


“the: risks. hov wever, with human nature it is, 
‘that this control f ithin is not to be expected. pasinetibe a 
his cont ro rom within is no e expec 

_. The public has a right to ‘the protection of life and property from the 


< failure of dams which impound large volumes of water, _ and in the 


absence of self- imposed ‘regulation, it is the duty of Government to ‘provide - 
legislation to that end. ‘This will not necessarily provide a perfect assurance 
> of safety, however, because ‘the criticism may be made that governmental 
agencies: are no ‘more ‘infallible ‘than private agencies, and that all the 
engineers responsible for the design of dams which have failed, "would have 
= qualified to act as consulting « engineers in the service of the State. The 
value of State supervision does not consist in requiring of the owner the 
employment of a consulting engineer, but rather in requiring an ‘independent 
es of the design, insuring the application, of more than one “mind to. 
the problem. — In the words of the findings on the St. Francis Dam disaster, 
“the construction and operation of a great dam s should “never be left to the 
judgment of one man, no matter how eminent. 


legislation has been in the United States, most of it 
conservative and well considered. The States of Colorado, Idaho, Massachu- 


La setts, New J ersey, New, ‘York, Pennsylvania, and Washington have statutes 
bearing on this subject, some of them of long standing. California | enacted 
as statute, to take effect J uly 1, 1 1929. 


met Other ‘Countries. —All the more important foreign countries have some 


form of regulations looking toward the safety of dams. _ These, however, differ 
fundamentally : from those in force in the e United States, in that they yao 
the theoretical design methods and the > working stresses to be used rather 


limit their authority to the approval of the work of others. 
France, since 1897, has had force, regulations applicable to gravity 
dems and is formulating similar regulations for other types of dams. Great 


8 Verdict filed by Jury Drawn by the Coroner of Los Angeles County to Consider ‘Tes 
timony on St. Francis Dam Failure, Proceedings, Am, Soc. c E., October, 1929, Papera 
and Discussions, p. 2162, Teer 
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_ Britain, only during the last decade (1920-1930), has undertaken to stipulate — 
: precautions to be taken in- the construction and operation. of dams, and to 
-_elarify the law with respect to liability for damage, i ine the, event of a failure. 


The Italian regulations, as revised ‘December 31, 1925, are perhaps” the ‘most 


comprehensive in force at present, in any country. 
Tp is of interest ‘that, in: nearly every instance, the regulations. were 

prompted by some dam catastrophe which impressed the necessity. for such 4 
regulations upon the minds of the people tot add 


ian Essential as the protection of life and ‘property is, legislation to that e en Pf 
_ must be well: considered along sound lines and must be neither ¢ difficult of | 


@ mpliance nor needlessly extravagant in its effect upon costs.. 


seal It is apparent that the failure of the St. Francis Dam caused governmental : 


agencies concerned \ with ‘the : approval of dams to be considerably more exact-_ 


a 


_ ing than they had been theretofore. In view of the - apprehension engendered it H a 
ist not improbable that the tendency will be to require dams to be. constructed _ é . 
stronger: than is actually necessary. Such strength can be shad only 

_ from « capital expenditures greater than have been required i in the past, which . 
in the case of hydro- electric power will impose even greater burdens than | 3 


those which n¢ now obtain. Water powers are constantly growing more 
and one of the factors having much to do with this, is the growing State and e 
‘Feder: al au uthority over water and water powers, It i is conceivable that if this ¢ 
4 continues, water powers will finally become too costly to develop. _ Even now 


ly (1982), a water power n must be most favorably situated to ‘compete with the 


modern, highly efficient steam 


re Engineers, public utilities, and other organizations ‘interested in the | buil d- < 

ing of dams, however, should take a ‘rational, rather than an. opposed, 1 view 
on legislation, because there appears to be some justification for governmental — 
control. Engineers, and particularly civil engineers, should determine for 
themselves the kind and extent of legislation desired. They should study the 
problem with a view to directing public opinion along | lines not subversive 


of the best public interests. 7 ‘They should discourage anything i in legislation 


which would tend ‘to hamper the fine progress in the development of dam 


oe As 1 to the statute itself, it would seem desirable to foster the maximum use ¥ 
of existing ‘governmental machinery—State engineers’ offices for administra- 

tion and the Courts for enforeement—rather than to’ create new agencies, 


except as ‘providing for the services of ‘consulting experts. in ‘major cases. 
Consulting boards acting during the design and construction periods only are’ = 


“wee sufficient. | Operation and maintenance must be checked by the routine 
“inspections ‘some standing authority, after the consulting boards are 

The statute, in so far as possible, dtiould confine itself to’ ‘the basic prin- 

- ciples, leaving the details to be covered by regulations and rules which : may be E: 7 ad 


_ formulated by the State engineer or other administrator, as occasions develop. * 7 


‘Few limitations should be placed upon the supetvisory agency as to the tech- * 
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means necessary revision could be r more readily effected than would be possible = 
amendment. that would otherwise be aa ‘Further- Te 


= aids which ; it may employ: in of site} ‘functions. By: 


law requires that approval be either given or refused within forty-five days. 
oh The elements which should characterize the best type of's supervision will re 
fall ‘fall naturally into ‘certain groups which may be discussed more or less 
pendently, bearing in mind that they : all should have t the common but limited di 
objective of safeguarding life and property. Any 
which does not conduce to that end is needless ¢ and extraneous. 
 Eatent of Supervision:—It seems that supervision must be had it is” 
probable that there is no way of getting it except through some governmental | 
agency. If State supervision is to be established, it should be inclusive of 


the entire undertaking. should involve, in so far as safety alone is con- 
_ cerned, the approval of the location, the design, the construction, and the 
maintenance of the dam. Such supervision should | not involve the inde- 


selection of the location or the design, the of con- 


effort and expense _and an unwarranted interference in the affairs and plans of 
‘The supervision ‘should be limited, , therefore, to the approval ¢ of the’ location 
e i the dam as selected by the bu ilder, the checking ‘of the design which he 
submits, a1 and such inspection W will: insure ‘the: carrying ‘out ¢ of the 


reason that such procedure would result in 1 a tremendous 


cedure, the builder of the dam should be to a report of his 
ys investigation of the geological conditions of the dam site, a study of the flood | 
_ ‘run-off conditions of the water-shed behind the dam, as such study would 
affect the capacity of the spillway, together | with | plans and & 
7 - the dam proper, in sudlichont detail to describe the nature and type of structure — 
4 upon which approval is sought. ‘He should be permitted to file. supplemental 
and with ‘the same sufficiency of detail, 


information is tevealed by the coristruction operation, or for’ 


addition’ its over construction, the State 
authority should’ also have the power to ‘¢ondemn unsafe structures, to: order 


water removed ¢ or lowered, or to limit permariently the height to which water a 


‘may be stored, where existing dams are found to constitute a ‘menace. pally 


Exemptions from Supervision.— If the supervision of the ‘design on, ‘éon- 
st truction, and maintenance of by the State Government ‘is! 
“essential ‘the public interest, there’ should be no exceptions because of 
built: by individuals, private ‘corporations, quasi- 


palities, municipalities, counties, and the State itself, should be subject to the 
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PUBLIC SUPERVISION OF DAMS Papers 


same supervision. is manifestly unreasonable to exempt the structures 
of municipalities and quasi- municipalities, on the score that they maintain 

organized engineering | departments, and then to r require the public v utilities | 
which also maintain engineering departments, to submit to supervision by : 


State agencies. Dams built by the e departments and bureaus of the Federal 


Government m may not be subject to re review by State authorities, due to lack 


exemption should be made for unimportant structures, the of 
which would not involve loss of life and. property. ‘This exemption, while © 
<d governed largely by the volume of stored water, should also take into con- 
7 sideration the drainage ar area ‘contributory to the reservoir and the height of 
: q the dam. The menace from bursting dams is largely a question of the volume | 
Supervision Personnel. —Those in supervisory capacity on behalf of the 
‘State. Government maust obviously be the peers i n technical experience and 
judgment of those engineering, designing, and constructing the dam, in order ; 
that the decision of. ‘the s supervisor “may be ‘unquestionably sound. | State 
authority would accept n no responsibility i ‘in case 0 of a failure even if the struc- 


“ture had received its approval. Consequently, as authority | ‘and responsibility 


- cannot be associated in such cases, authority must associate with itself u unques: a 


tioned technique, experience, and judgment. 
th is unfortunate that the compensation allowed engineering o officers and 
consulting engineers in the service of the State imposes a hardship upon men 7 
G the best type when they forsake private practice for public appointments. — 
It is even more difficult for engineers on standing consulting boards, who, in 
exchange for a small fee, find themselves precluded practicing their 
‘specialty i in the State which they serve. piinwepeit hoe 
os. ‘It is patent that such State control should be vested in one office, possibly 7 
a bureau of the ‘Department of Engineering. Not to centralize this respon- 


‘sibility result confusion as to authority, in jurisdiction 


oo Iti is proper that the ap licant for a permit to construct a dam should pay 
p 


“something into the State Treasury to help defray the e expenses »3 of the super- 
-visory board; however, it would seem that the public at large should also’ pay 


something toward the security which it desires and receives, just as it does in 7 
‘connection with any other health and safety ‘measure, within the 
of the State. ~ this end, the cost of supervision and inspection of dams and 
the expenses of the bureau, board , or - department ‘that exercises the authority, 
4 should be divided as nearly as possible between the State on one hand a nd 
_ the owners and operators of dams on the other. 
Some | provision should be made respecting the burden of cost for - _inspec- 
‘Gone and investigations i in the case of complaints alleging that the person or 
the property of the complainant i is endangered by the construction, ‘mainte- — 
nance, of a dam. While every consideration should be ; given 
meritorious complaints, the State must safeguard itself against nuisance com- 
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ecome an instrument of malicious 


this many States require deposits. of 


12983 


returnable in the event that the complaint is well founded. oa 
‘There are a to be cases where the builder of a dam would be reluctant, 
7 te the interest of safety or economy, to follow the decision of the supervisory 
= control. It is conceivable that an individual, corporation, or municipality 
- may actually regard the dam required to be built by the s supervisory y control as ~ 
a less safe structure, or one for which the expenditure would d be more than need _ 


be, to safeguard the public, compared with that which they ] propose and for which 7 
permit might have been denied. Therefore, in order to avoid situations 
which would leave no alternative to those contemplating the building of dams, o 


but to build that dam which would | be approved by the State Supervisor, Bto- 


from: the a the State agency, by any “party i in “interest 


be dissatisfied with a any decision. The issues on appeal should be heard 
at the earliest practicable time and determined ‘summarily without a jury. > 


The decision of a Lower Court should be “subject t to “appeal or review as in 


: stoi could 1 well be provided, namely, ‘the right to. present the questions 
ati issue to a board of e engineers acting as arbitrators, one of such board to be 
ea by the State I Engineer, one by the builders of. the dam, and a third 
the first, two named. The decision of this board should be final. The 
expense of the hearing this board» should be divided in case 
between the State and ‘the party making the reference, since the State would 
‘abe make the reference in its own behalf, , and, otherwise, the cost of the 
arbitration would fall, invariably, upon the private appellant. 


fact that a given structure has been standing for a period of years 
and, durin, that | time has successfully met unusually severe conditions, gen- 

and, g y y 

erally” should | be taken as conclusive evidence of satisfactory construction. 

= However , investigation « of the operating history of the many existing dams 
|. as to their performance during their lives 1 “may be desirable. Should investiga- 

- tion, disclose structures that have been on the border line during periods of - 


stress, if there are found those which shoul be because of depre- 


he inspection of tibia dams and confer power | on the | supervisory ‘agency 
‘to. compel owners 0 of such dams as are not now safe, or which may become 


unsafe, to repair or t reconstruct them to any “reasonable extent that 1 may be 
{ a It i is probable that it would be unnecessary to it inspect all the many existing 
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dams, some of which are small and impound only small quantities of water. 
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Every owner of a dam, however, could well be called upon to furnish a descrip- 


tion o of it, of all works connected with it, an estimate of the water impounded, 
and a statement of the tributary drainage area. a After such reports are 
received, those particular dams—the failure of which would “be likely 
endanger life or property—should | be inspected, and if, any are found. unsafe 
the owners should be | compelled to repair or reconstruct them as may be 
necessary. , Plans | for the reconstruction or modification of existing | dams — 


would be | be subject to the same approvals as are required for new 


MAINTENANCE or Dams” 


While a a structure, may be of satisfactory design con-— 
struction, its continuance in a good | state of preservation is, of course, ‘another 
‘matter, and while a well- constructed dam should remain | in safe condition 
under intelligent operation and with reasonable maintenance, it would doubt- : 
less be advisable to establish a routine inspection, perhaps" biennial, “over 
all important structures. Such an inspection, would operate to guard agi ainst | 7 
malicious and insincere complaints respecting existing structures. 
very massiveness of earth, rock- fill, and masonry dams prompts the 
belief that they are of everlasting life. Lacking definite data. ‘respecting the 
erosive and destructive action of the elements on dam materials over. long 
periods of time, the ‘safe working life: of such construction cannot be estab-— 
lished as yet. It is ; possible that serious deterioration, more or less a 
pected, has been taking place in some of these structures built several fete 
ago. a ‘State s supervision, due to its perpetuity, offers a continuing control. over 
structures of ~ type, e, outlasting the lives of the designers and builders. ian 


the foregoing mention has been made of a code to cover the 


a dams, because it is s probable that ; legislation | will revolve around the idea of = 


supervisory personnel rather than rules of good construction. However, in 
other types of structure, experience has dictated the wisdom of building codes. 
sy hile it is recognized that there are many disadvantages in the codification 7 
- anything, and that a code for the building of dams would be more ‘difficult — 
“to devise than a code for buildings, it i is ‘not i impossible, should a code be- 


= otherwise desirable, that a competent group of engineers could = 


fashion a comprehensive and workable one, at least as far as certain impor- 
tant features for the building of are concerned. Such a code could 


This idea suggests itself. because of the possibility of the conditions 
which the generally accepted types of dams would be best suited, The 


_well- known types of dams include: (a) ! Earth dam (r olled or hydraulie- fill); a 
rock-fill (dropped rock or rubble rock); (c) rock masonry; (d) concrete 
(gravity, arch, multiple- arch, or buttressed slab); (e) crib (generally wood | 
and occasionally concrete) ; and (f) frame (steel, wood, or concrete). All these 
types shave their peculiar | adaptability, taking into consideration location 
(topography, | geology, , and altitude), height, availability of material, desired 
life, foundations, of floods, and other factors, abide 
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It would be possible to prepare a code to cover the construction of dams, 
“which would describe the conditions under which each of the types ‘could be 
economies in the 


nothing g could be built. probably would not ‘of differences = 


za minimum requirement, which responsible | builders would tend to exceed i in 


their ow wn. interests, having in mind the protection of their investment. be ‘ag 

‘This ‘suggestion of codification is offered for what it is worth. might 

prove, after consideration, that the conditions to be eovered would be 

diverse to permit of practicable definition in such a code, ae a 

— Any one who visited the site of the St. Francis Dam after its failure could 

not but be ‘profoundly impressed by the death- dealing effect of the released 
flood. ‘Those who were i in the path of this flood, unconscious martyrs as they 

7 ; Ww ere, gave their lives for the benefit of mankind. } Nothing great in the world 


has ever been’ accomplished 1 without sacrifice; it is to be hoped that the hun- 


dreds i in this case have not given their lives in vain. bub, 


ok The loss of life through the failure of any dam i is ‘deplorable. It i is 


‘more deplorable than the loss of life which ‘occurs through ‘modern instru- 
ments of production and transportation. bs Noo one would consider for a moment 


abolishing automobiles because of the tremendous loss of life which takes 
place through their existence. Consequently, a ‘disaster like that: ‘of the 
«St. Francis Dam must not occasion unnecessary capital investments and of 


such an order to prohibit ‘the conservation of water for the ‘various uses to ; 


4 ‘The fears which have: been raised ‘throughout the. United States must not 

be allowed t o prohibit the construction of. dams. Engineers must ‘not be 
-stampeded because of unfortunate happenings, because they: know that very 

‘high dams to impound | large volumes of ‘water can b be built safely, Wrobided 
engineering principles are used. Technique of engineering design 
need not cause concern because of ‘aha! abundance of high- class technical 
knowledge: and skill that i is available. ~ Common sense and judgment, however, 
- are: rare qualities, the one being inherent and the other to be had only through 


AL The general subject of dams and the kind of legislation relating to super- _ 
ae and control which will safeguard the public « on the one hand, and not 


impose conditions which would cause unnecessary delay, excessive cost, or 


| prohibition on the 0 other, would be a valuable subject for further study’ by a 


. Tes vould perhaps be timely for such a study to include an outline . 
- a type of v uniform legislation which it would be best for the States to enact, 


"since the conditions which it is desirable to control in the various States’ are 
“not so diverse as to preclude the successful operation of such a uniform | oe: 


be required by a board administering such a code. An arbitration board a. oe 
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Y FOR, AND PENALTIES: FOR LACK OF, SUPERVISION 
NECESSITY FOR, AND PENALTIES FOR LACK OF, 


construction, nor to "discuss ‘the many intricate, albeit tainting, 

“a questions involved in theories of dam design, but rather to endeavor to discuss 

the subject. more from the viewpoint of | the public which, after all, is the 


party most. vitally interested in the design, ‘maintenanee, and 


operation of dams. superior interest arises from two causes: First, 
that anid to do w ith the element of hazard; and, second, that having | an a 


= with the economic advantages to be secured through the construction and | 
operation of of storage reservoirs. 


‘Ther paper contains a a summary that have e wholly 
or partly failed, and a classification of ‘the causes of, these failures; it also 
contains a general comment on existing laws in the various States, and | a 
suggestion for framing a ‘code for ‘the design and construction of dams. pt 


Fifteen items are included ; in the ; paper to indicate subjects that s ould, o: or 

should not, be included in State supervision ; twelve items portraying the 

"advantages and disadvantages es of State « control of dams, and twelve items 


1 
a defining the ‘ideal 11 qualifications | of of supervisin ising officials, 


Basic NEEp For SurERvision 4 
less Every dam, regardless of its size, is in some e degree a potential menace — 
everything below it. ‘There is nothing s relentless in ‘its immediate 
_ destructiveness, s so uncontrollable and deadly as a huge volume « of water sud-— 
_denly ‘released. The effects of cyclones, earthquakes, and even volcanoes are 
generally local, and their occurrence is such menaces usually 


be contrived for overcoming the ruthless destructiveness of huge bodies of — 


water suddenly released from restraint. gt . 
The number of recorded failures” of will doubtless compare 
favorably with the failures of ‘other engineering structures similar i in magni- 
tude and i in ‘menace to life and | property. Nevertheless, such failures have | 


the ravages of and but no means will ever 
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— been all too frequent, and constitute a reflection upon the ability of the 


Engineering Fraternity. Fortunately, or unfortunately, the psychological 
result of such failures is of short duration ; the effects we soon forgotten 


_ Table 1 is a summary of reported Te or complete failures, since ‘1708, 


AL UL 


293 located throughout the United ‘States and in some foreign 
Such failures represent various types ranging in height from 10 

0 190 ft. The list includes 159 earth _dams—9 of which were of the hydraulic- 7 
“al type; 12, rock-fill; 67, gravity ‘masonry type; | ‘7, single and multiple-arch; _ 
reinforced 1, steel ; and 7, timber; dams of. 


sified types. failures of abutment, cut- or any. other 


critical, study 


the» respon nsibility of designing or supervising the construction a in, no 
matter of what type or magnitude. ‘Tal bie 1 discloses that inadequate spill- 


facilities and de fects i in outlet wor orks vere the causes of most 

earth dams, while foundation, the principal causes con- 
_ A tabulation peer bibliography of the failure ¢ or partial failure of 293 in 
of ‘different types" have placed in the Engineering Societies ‘Library, 
West 39th Street, New N.Y Photostatic copies be 


“obtained at ‘cos rst. 


Eleven failures are reported from ‘Connecticut, thirteen from Massachusetts; 


twelve from Missouri ; seven from Ohio; six: from each of the States of 
“Michigan, Minnesota, and Texas; five from each of the States of New Mexico, 


North Carolina, Arizona, and Utah; four from each of the States of Mon- 


tana, New Hampshire, New Jersey, Rhode Island, South Carolina, and Maine; 
three from each of the States « of Georgia, Oita, and Tennessee; and a wa 


“of thirty from all other States. The anit: also includes forty dam failures 


Doubtless” this t does not all total or ‘partial failures 
of dams in such States and countries, and i in the absence « of a complete wert 
showing the relative pereentages of failures, , significance attaching State 
supervision is lacking. However, in 80 far as the e analysis i is partly 
eo | discloses that the largest number of failures have been in <— 
‘California, Colorado, New York, , Wisconsin, Massachusetts, and Connecticut, 
all of which States have supervision ¢ over the construction ‘and 
maintenance of dams for many years. _ The largest number of failures, how- 
ever r, might be expected from those States which have, by far, the largest 
“number of dams in operation. In California, divided or complete lack of 
State guthority. probably has had something to do with so many f failures. 
Colorado, which has more ‘than 1000 dams— the ‘supervision. the 
- State ie has been a pioneer in such construction, which has provided ; 
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. 
ample opportunity for. mistakes. ‘However, with the exception of the friluve 


of two ‘small earth dams, each 17 ft. in height, n no . failures have occurred in 


the State of Colorado i int the eight years since 1923. 7 


_ Every dam is 3 n some degree a menace to life and property, yet t th ese # : 


structures” are indispensable the welfare of the ‘people. As such, thei x 


safety” is a of such concern the general public as to bring their 


5 aa of the laws of all the States, and. the pian countries of the 


‘old W orld, pertaining to dam design, as might be expected, strongly indi- 
cates: the ‘close relation between the economic importance attaching to the 


‘regulation of water ‘supplies of such countries, and the degree of public 

‘supervision exercised 0 over the de sign and construction of. dams therein. 

‘police power or authority i is ‘defined? as “the power vested in the 

legislatures to make such laws as they shall judge | to be for the good of the - 

ommonwealth ‘its “subjects. The “power to govern men things, 

- extending to the protection of ea! limbs, health, comfort, and quist of all i 


"persons and the protection of all property within the State.” ” The exercise 


of this power of a ‘State or ‘Nation to protect ‘the health er lives of its 


citizens from all kinds of evils and dangers has spread rapidly during the a 


police powers are very y broad, as they must necessarily be in order 
that the objective sought shall be attained. Such protection is thrown 
around the citizens of practically all civilized countries and extends to fac- ian 
tories, 1 mines, ps packing plants, dispensaries, transportation systems, buildings 
and structures for whatever purpose used, and within comparatively recent 
times, to lines of agricultural development, food supplies, and for the control 4 
and eradication of contagious and infectious diseases, and, in fact, wherever rt 
ety safety and well- mg of the citizen | and | his property is beyond his indi- | 

vidual ability, insure. supervision on the part of a State is 


ineident to the civilizations the world over. It is a 


i of Government which | is — inereasingly great ‘and of apparent 1 neces-_ 


3 sity in the evo 

of a nation. Its are readily recognized, although having 
of. -subordinating individual liberty. in the | greater interest of 


a Public supervision « over: the building of dams is exercised in some degree 
in most of the States. The degree of such supervision is found to ) be gen- 
- erally in the proportion that regulation | of stream flow has progressed in any 
‘Particular State. centralization 01 or co- -ordination of such public control 
varies widely in ‘many the States and in foreign countries as well. -Cen- 
tralized ¢ control is being more | and more Tecognized as a public necessity. 


Such. tendency is evidenced in the States of Pennsylvania, New York, Cali- 
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Federal Departments; in addition, certain » condition 


ex exempt from any any public supervision whatever. 


Fo or many years the supervision of the design, construction, maintenance, 
and operation | of all dams in Cc olorado more than 10 ft. in height, | has been 


vested exclusively i in the State Engineer, +, whose decisions in such matters are 


a matters | of such vital concern as the safety of a ey even of nominal 


height, theories and ideas mind be considered con- 4 
ee Aeon of the extent of the study and experience of the indi- ; 


vidual engineer or geologist, each has had different ee to meet and 4 
~ overcome i in traveling the rough road o of a professional career. Iti is ‘the well- 


co-ordinated results of such schooling | that contributes in the greatest degree 
to the safety of the public. _ The conditions surrounding the « design, location, 


and construc tion of every dam, has its own peculiarities | 
studied, analy: zed, 


which should be 


and weighed from all points of view, anc “under a all the 
probable conditions v under w hich the structure likely to funetion. Tt i is 
. rarely possible to find in a single individual a combination of experience 
involving full knowledge of design, construction methods, and 1 ‘materials, 
geology, hydrography, effects of temperature changes, disintegration, and the 
many other elements which contribute to the safety or weakness of a dam. 
The is convinced that the average ‘practicing civil or hydraulic 


‘engineer is generally unfamiliar with many of the fundamental requirements 
essential to the rational design, supervision of construction, and maintenance 


of such structures, and that the usu ual “factor of safety” in iin iene 


a adopted is indeed * saving : factor to those whose lives or property may be 


placed in jeopardy bys such structures. 


In the interest of public welfare, many States have legalized the practice 
of engineering in its various branches by ‘statutory provision, but, unfor- 


tunately, such provisions fall short of affording the degree of protection 


 eontemplated. Contrary to a reasonable assumption on the of the 


| general public, the reverse may even be true. With rare exceptions has the 
_ writer felt justified in approving either the plans or specifications for dams 


4 built in Colorado until they had been revised in whole or in part, an and it is 
presumed that a similar condition may exist in other States. Just how 


the authority, the oficial should the 


chara 


mooted que 


gesting the type of structure it indicated by the site and geological formation, 
--yun- -off conditions, ava availability of construction materials, ete., but for the 


purpose of conserving the of, and to, the owner, he recommends to 


“plan has seemed to well in practice, Study and ‘practice 
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there is still some diversity of opinion 1 with ‘respect to important. theories 
safety y of huge structures of the gravity. and lighter- -than- 
gravity types: of “masonry dams. his is to | expected since n much remains 
to be learned concerning the physical and chemical ‘properties « of building 
“materials, their behavior under combinations of loading, temperature 
chemical reactions, sad variations in construction 
ae pen the evolution of the development of ‘all the 1 arts and ‘sciences, the — 
proof of a theory is largely dependent upon — ‘its successful application in 7 
- practice. i the earlier history of dam construction, such structures were 
usually built of materials 1 to. which scientific principles s, even, if they had 
tnderstood, were impossible of application. In general, the evolution 
of scientific knowledge in the field of engineering has not t provided a awl 
degree” of safety in the construction of dams of modern ‘height, but has 
vastly it increased the range, not only in the magnitude of such structures, but © 
in the ability of the engineer to | overcome the deficiencies 0 of Nature by the 
adaptation of proper types of s structure, to any ‘particular condition. 
jes Doubtless, the greatest value attaching to present-day knowledge of > 
principles” of design and construction, is one of economics. Such 
‘knowledge has made it possible 1 to » willie: sites formerly considered 
infeasible, and through ‘such use of.basins of great capacity, stream regula- 
4 tion upon a large > scale | has been made feasible. — Under the uw urge for develop- 


“ment of natural resources the world ove er, structures of ever-increasing 4 


on nitude are coming into existence and are no “sooner than 


ingenuity, good judgment, and conservatism. He must" of necessity be some- 
— of a dreamer, or he would be unable to originate new idea as ond evolve 


vad 
“the ‘great undertakings demanded by modern civilization. He i is inherently 


he engineer is 

‘ called upon to meet this urge in a way that bids fair to tax to the limit his 
coneeiver | and is an at times prone 


the responsibilities to the public sO great or exacting as in that of the = 


design, construction, and supervision of structures for the impounding of 

large bodies of ‘water. It is well, therefore, ‘that those charged with such 


i obligations should proceed with caution, be guided by a high degree of con-— 
ee -servatism, and withal | imbued with an exalted sense of their responsibility. 
‘The public is prone to defer to the judgment of those, presumably competent, — 
- to look after its interests, and to go about its own business of fighting the 


_ battles or secking the pleasures of life. ti is lulled into a sense of security 
4 ‘through its aversion to being until some great catastrophe is 


a 
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The responsibility resting ‘upon a public’ “official in charge of dams is 
rata 


Stab a heavy one, not only as a result of his approval of the plans. for such - 
but because of possible internal weaknesses in ‘dams with which 


he may have had no : former connection. Fortunately, as in the ease of human 

diseases, certain. symptoms usually w warn the careful observer of trouble: ahead, 

and therein lies one of the best arguments | for centralized r responsible public ic -_ 


supervision over such | structures, , which | enables some one to. act promptly q 
s- 


on A review of the statutes of all the forty- eight States, including the Di 


trict of Columbia, discloses that, with the exception of Delaware, Louisiana, 7 
Minnesota, Nebraska, Oklahoma, and District of Columbia, all 


"exercise some form of public supervision over dams, ranging from that relat- 
to damages which may result from the action of back-water above 
dam, and the imposing of regulations in the interest. of fish propagation, 

ma navigation, , and sanitation, to the higher purposes of protection to life, prop- 

erty, and industries which placed i in jeopardy. 


is to “expected, ¢ the of such increases 


for dams in the economic and commercial development of the ‘State or 


country. si Inn many of the States where the topography of the country and 
of the streams are conducive to power development i in only a minor 
- way, the need for public regulation is not so urgent, while in those States 

and countries in which conditions and demands are favorable to the greatest — 
nes of their water resources, will generally be found the 


cn _ The aforementioned review of the laws of the forty-eight States disclosed 


that, in _nine | States, ‘supervision of dams is vested in the Courts; 


States, in the Board of County ‘Commissioners or. Supervisors; in four- 
teen States, in State Commissions or Boards; and in fourteen States, it is 

: - placed i in the hands of a State Engineer or his ‘equivalent. In several of the 7 
Public Lands" States, some Government: agency, as. the Bureau of 
"Reclamation, Federal 1 Power Commission, Débris_ Commission, Indian 


Service, or Forestry Department, exercises partial or joint supervision over 

design, , and, at times, over the administration of dams. ‘The 

"Engineers exercise supervision over all dams’ where navigation is affected, 7 


in the interest of the protection of post routes. 


Public supervision extends: to structures for practically all purposes, 


all. heights, ranging from 5 ft. upward. Supervision relates in 1 many 
States not so much to the safety features of such’ structures as it does to | 
matters of navigation, power development, stream pollution, and flood con- 4 


trol. the standpoint of safety, ‘supervision is usually exercised by 
* ‘State i in which the structure is located, although, in several States, dams a 
built” and operated the Federal Government exempt from 1 State 


"supervision. 


_ Analysis of 1 the ies of all the States discloses that inspection and super- 
vision over dams in the interest of public safety is exercised only i in nineteen _ 


— 

“ut 

4 

hen 

— 4 

| 


them. these, fourteen have regulatory laws which may be 
reasonably “effective. In only twelve of the States may existing laws relating 
to State supervision be ‘considered ample for ‘the safguarding of the public’ 8 
interest where dams of considerable magnitude ‘are contemplated. mor more 


than ones half of the States: either laws" relating to ublic 


such as exist are the minor purposes heretofore mentioned. Accord 
ingly, it would appear desirable that in such States -eareful study of this © 
subject. of public supervision < of dams should be made. 7 "Practically all States 
the Rocky Mountain region the Pacific Coast, have quite effective 


laws ‘relating to this most important ‘matter - This condition also applies to 
several of the Atlantic Seaboard States, ‘such | as” New York, New Jersey, 


Pennsylvania, Maine, ‘Vermont, ‘Connecticut, and Rhode 


THE Enotwenr’s ReEspons!sitity as ReGarps LEGISLATION 
Legislation affecting the construction of dams invites the close attention 
4 of engineers. Tt is of far-reaching importance and should not be passed 
“preliminary to careful and mature consideration. of the objectives to be 


attained and the difficulties to be overcome. ‘The: engineer, who is trained 


in theory of stresses and strains and the characteristics and frailties of 
a4 the materials’ with which he must work, is fully appreciative of ‘the real 


- magnitude of such undertakings and of the tremendous responsibilities ee 


represent. Activity on the part of engineers, ‘who by study and experience 
are justified to speak on this important: subject, is. a public service which 
the engineer could, and should, render. — No one is so qualified as he, to point 


“out the dangers and to indicate the way. 
the disadvantages resulting from over the 
design and construction of dams are attributable to the fact, that much of 


such legislation was enacted without adequate information, or that it is the 


result of sporadic attempts to correct, from time to time, deficiencies in 
previous legislation. This has frequently ‘resulted in contradictions, ambigui- 


ties, or complete lack of some essential, and too often has resulted in the © 


features of divided authority. Consequently, the laws of 1 many 


i 


wer relating to this most important subject are a “hodge podge,” making 
for inefficiency in their administration, with the resultant unwarranted sense 


of security whitish, the public has every right to expect under State super- 
sion. ‘The success of any law depends largely upon the degree of public © 


approval back of it, and upon the confidence reposed in the official charged 


Iti is also apparent that he bensiictal effects of any law are measured by 
a the degree of efficiency with which such law may be executed or administered 
; and, regardless of the safeguard which a a law may ‘seek to establish, the ‘effco- 
tiveness: will depend very largely ‘upon its enforcement. It is just 
apparent also— that the actions of a public official are circumscribed by the 
"limitations and | weaknesses of the law which he is charged with enforcing. 


The first» ‘requisite, therefore, Jaws as nearly ideal as may be, for the 


with the duty of administration. 
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= ‘Cops FoR AND | Consrruction or Dams. 


—— comprehensiv code covering the design and construction of dams, may 
= be included in such studies. is ‘realized that constitutional provisions 
= many States may render the application of a general bee difficult, if not 7 d 
impossible, but doubtless it would be invaluable as ae 


framing: of needful legislation to ‘onions in some 


It is believed that fundamental. es ‘relating to stresses, strains, 
Be etnies and the behavior of materials used in the construction of masonry 

dams of various types, and modern methods relating to construction, are suffi- 
ciently well understood and demonstrated, to justify the formulation of 
code of procedure which would receive the a approv val of the _ majority 


engineers familiar with this subject. A uniformity of practice based upon 


: such a code would goa long way tow ard minimizing the number of failures | 
of dams, which would. “certainly ‘justify the endorsement of the profession. 


No type of structure involves the degree of hazard to the public as that of © 

“storage dams. The public is entitled to every consider in t this regard, 

but can obtain ‘the necessary degree of protection only through p proper 1: 


which should embody the consensus of the best thought and experience avail- 


aws, 


able. Ww ithin recent years, and as a pesult of “intensive studies: by the 


- constituent bodies of Engineering Foundation and other similar org raniza- 


tions, uniformity practice procedure, with respect to building 
‘materials, many ty) pes of. structures, and rel ated. “matters, has been adopted 


and recognized in almost all lines of ¢ engineering endeavor. A code of require- 


ments relating to the art of dam building would be invaluable in the’ 
‘drafting of legislation providing for public supervision over the design and 
antl A proposed by Fr F No Noetzli , M. J Am. 1. Soe. provides 
= foundation upon which to predicate a practical and effective set of 
rules which, with certain additio ons or 


or modifications, could be 


Al 


‘the matter: of 


con- 


may "generally "be by and careful 
"inspection, operation, and even under trying conditions. ‘The: 


authority | of the public: official in this regard ‘covers many acts which must | 


necessarily be of a discretionary nature. Such acts di directly affect the 
property rights ‘of the owner and, at all times “ degree of safety to lives. 


and property below a a dam. Just what depth of | water may be safe to 


store back | of a dam under certain given conditions, or how long “oak storage 


should be permitted in the » case of earth dams, or what margin of free- 
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of safeguarding life, ‘and property below : a dam, 
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‘should be required on -many dams (particularly during periods of 


wind velocities ‘peculiar: to the arid regions), the proper of spill- 
maintain, many similar items are problems which continually 


arise to perplex the administrative official. He is charged with the duty 


nd, 


at the same time, he 

must recognize pe the maximum utilization of the investment 


ita Since the foregoing problems are quite complex in their nature and are 
continually in a state of flux, it does not appear practicable to formulate a 
code e of “rules. or laws applicable to the maintenance or operation of dams - 


ow ept along general lines. The effectiveness of administration very largely _ 

depends upon the authority, experience, and sense of duty of the public 

- official, , and, therefore, cannot be fixed by any given set of regulations. rik 


he Act’ passed by the Legislature of California in 1929, providing for 
State supervision over all dams other than those built by the United States. 


7 Government, is an excellent piece of. legislation on on this subject. T he Cali- 
fornia law is the result of much study and» discussion and, with minor 
: exceptions, will doubtless be found to be highly effective and practical in 
its” application. This law i is largely the result of the crystallization of public 

opinion occasioned by the ‘St. Francis Dam disaster _and reflects: quite: 


generally the ‘most modern thought on of ‘State supervision 


Ga 


_ The qualific ations of the official ‘charged with the important duties of 


State s supervision 1 of dams | should include: — wale 
) An understanding the fundamental principles affecting the 
AG 
stability of all types of dams. . (This requirement, in general, pre-supposes 
that he is. a technical graduate or, because of previous preparation, is com- - 


petent to understand the mathematics of engineering design. 
ee 


(BY ‘An | appreci iation of the advantages of the | science of geology and its 
aptation the art of dam building. (He should also 


4 


> 


(D) A willingness to improve his knowledge of the art by consulting 


with and _ studying the methods and theories of others. ‘(He should be 
imbued | with an honest desire to learn the lessons taught by the ee 


An exaltec y to 
‘the grave with which he is 


(F) Complete freedom from than | the ‘motivating 


nac 1 (8) our pose. 
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An appreciation ¢ of the value of systematic methods the. conduct 
of his office and the essential need for reliable data at all times. ist 


_Progressive ideas, ‘albeit: leavened with that responsibility 


confidence of his engineers and the pute, 


pte his « enthusiasm to get the Pen of his sober judgment; ‘and, ‘eile, yer 


TE (L) That rare combination of natural : ability and ay. | 


fa 


¥ following are, offered by the writer with | the that 


supervision of the ‘design: and construction of dams. on 
uctiol 


—Pass on the design, construction, “maintenance, and ope ration 


and reservoirs of a certain minimum height and capacity. 


2. —Require (preliminary to beginning of construction), complete data on 
the geology, topography, rainfall and run- off characteristics of the yeqeedl 


basin samples of materials from foundations ‘and those to be used in con-. 


struction, and all other information needful for proper 


the suitability of the dam site. ; 
-3.—Require complete plans, specifications, | and analyses of design, and 


also authority to modify such plans and specifications prior to and during» 


the progress of construction when conditions would seem justify ‘such 


4.— —Require continuous inspection of new construction and all 


into it, ‘preferably at the expense of the State. 


5.—Em aploy consulting ‘engineers and geologists: either 1 upon the 
of the State, or upon the ‘Tequest of the owner, such 


only to contemplated construction and dams u under con: 


6.—Exercise supervisory control during construction and “operation of th 


7.—Regulate at all times the quantity of water stored 
8 —R tequire all dams to be maintained in a safe condition. Sas 1 


_ 9—Enforee all provisions of the respect to the 


‘exceptional conditions which require a of “the 


“matter by the Court, 


—Provision for ample funds to carry out: supervision | as” herein 


LFinanelal obligation on the part of the State i in case of failures. 


not essential | 
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me 


—Authority to assume the of the practicing engineer with 
‘respect the preparation of plans and specifications and related” data 
"required in in connection with the design and construction of adam. 
—Authority for State supervision in too minute detail. In regard to 

Ttem Vv, State supervision should limited to ‘the approva al or disapproval 
of the plans and data presented, and the authority to require essential 
sail thereto, which, in the judgment of the State official, appear to | 
be needful for insuring | the proper degree | of safety, and to , provide for ade- 


@ Centralized authority with its singleness of purpose and, responsibility 


Minimum of effects of local and d political i: influences. 


4 
() P rompt and co concerted action in anticipation o of dangers and the fore- — 


stalling of failures under most conditions. 


al (dy Uniformity of procedure in design and inspection. 


Greater : assurance of disinterested inspection. 
-Co-ordinated ‘control in administration of the uses of stored water rand 


tream flow, especially in arid regions. = 


Continuity and permanency of records and public accessibility 


them. 


Danger of incompetence of, or prejudice on part of, State official. 


on 
Possibility of injustices to owner resulting from unw: arranted 


on the ow ners below a dam 


(d+) Dangers | accompanying ‘inerease in bureaucratic authority. 


—— — 
pers 
— 
uct 
| 
hat the following advant 
to the public 
> 
all 
on-- 
ing 
ich 
4 
ale 
als 
10t 
ah 


of 


oe 4 


PAPERS 

_STEREO- TOPOGRAPHIC MAPPING: 

BY C. H. BIRDSEYE, 2M. Am. Soc. C. E. 


This paper begins with a general introductory | statement of relative 


advantages of aerial and ground- “survey methods in topographic mapping. 


A discussion of the fundamental principles: s of stereoscopic is 


F| = to prepare the reader for a better ‘understanding of the ‘mechanical 


features involved in the construction of measuring stereoscopes. + desorip- 
tion is given of ‘some of the instruments inv use at present for making 


topographic maps from photographs taken in in the air. The theory. the aero- 


ceartograph is in because the that is the instrument nt with which 


merely “ground “work” for a general theory and that discussion 


produce comments on similar instruments in far as they vary y from 


the aerocartograph, on e advantages an and the types, 


Iti is generally that the surface of ‘the ground can be depicted 

by a proper use of aerial "photography with a greater degree of faithfulness, 

especially : as regards n minor detail, than can be accomplished by the exclusive 7 


use of ground-survey methods. Modern aerial- “survey methods: will provide 


road, highway, and transmission-line location, and will eliminate te many trial” 


ground surveys at a saving of both time and money. 
These e modern methods are particularly well adapted to aerial mapping ng of © 
regions in 1 which the drainage, culture, or relief is complex. and full of minor 
- detail. . Too often the engineer has ‘seen the | results of surveys by transit and — 


stadia or by plane- table ‘methods i in which he knows that the features ‘ “under 


“the essential information required on many engineering works, such as ich as rail 


“Nore. —Written discussion of this paper will be closed in April, 1932, Proceedings. _ _ 


Presented at the meeting of: the e Surveying and Mapping Division, Calif., 
April 24, 1936. 


Pres., Aerotopograph Corp. of Aerial 8, Washington. 
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the feet” of ines instrumentman or his alias are located with a high eae: 
of accuracy, but other features which are of equal if not more importance 


are interpolated or ‘ ‘sketched in.” Iti is not an exagger ration, but a truth that 


- should be apparent to. every engineer, to state that a ‘map properly made by 


adequate photographic surveying methods must be more consistent through- j 

out than one made by what may be called the old-fashioned ground- -survey, 

Of f course, there are exceptions, and the use of of ‘the aerial camera can not 
be cited as a solution for all surveying problems. For example, the present- 


day limitations of the aeroplane i in flying low enough - to secure photogr: aphs 
adequate for extremely large-scale mapping seems to rule out the use of these 


methods for maps on ales much larger than ‘Lin = = 200 ft. It would be 
foolish to attempt to use aerial photography ina property boundar. 


of an area for which the measurements of direetions and lengths of the | fr 


~ courses are required with a high degree of ] precision. - Moreover , areas covered | 


by dense and tall timber hiding the surface of the ground, : areas in which the 
ground has little or no photographie contrast, and areas which are continually | 
covered by fog, ‘mist, or cloud shadows often make impracticable and some- 


times prohibit the use of aerial photographic mapping. 
Nev ertheless, these and other exceptions comprise only” a small part of the 

mapping activities which confront the engineer r and i in ‘most mapping r projects . 


aerial’ camera offers the engineer a new tool which will give him more 
help than all the other surveying and mapping instruments combined, T his 


statement. also must be qualified, for the aerial « camera can not be. expected 


to solve many problems without the aid of ground- “sury eying instruments, ¢ and 


: 
even the most enthusiastic exponent of its use does not believe that it will 
ever entirely displace the transit and the plane-table. 


A properly designed aerial- “surveying camera may be. as a com- 


bination of transit and plane- table. _ With the aid of relatively little ground- 
survey control and proper: laboratory instruments, | triangulation can 


extended from the photographic data at least with tertiary accuracy secant 
for the details of most ‘mapping: projects. Photographs taken with such a 


“camera afford a wealth | of detail that could not be recorded by means of either 


FONT 


the transit or the plane- table without an expenditure of time and ‘effort often 
‘not justified. In fact, the writer believes that there are many inaccessible © 
areas which can be mapped adequately. by no other method than wes | 


one; for instance, low-lying swamp lands or coastal areas. ty 

FUNDAMENTAL or Srerroscor 1c : 


examination and use of photographie data require clear -under- 
standin of t the principles of Perspective and a knowledge of certain 
trolling factors, such as s the position, elevation, and angle of tilt of the” 


However, use of euch photographs’ v withiat! “mechanical 


‘means of v viewing them stereoscopically is likely to lead the observer tom miss 
-tmauch minor detail which he sh should have at his: disposal. In In fact, it is as 
foolish for ¢ an observer to attempt to study “overlapping: aerial photographs 
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rtance ‘without ut the v use of at least some kind of: simple stereoscope | as it _— be fo 


h that ground ‘surveyor to attempt eliminate the use of a ‘protractor or a 


rough-— The general principles underlying the stereoscopic use of photogtaphe 


in all the mode methods are much the same. detailed 
description | of these general principles will not be given in this paper as they — 
have been adequately demonstrated elsewhere In the simple stereoscope, ; 


two photographs of the same object or area, taken from the ends of a base 7 


sur vey 


line and with the camera negatives inclined to the horizontal plane | by approxi-— 
—* the ‘same e angle, ean be to f form : a plastic i image of 


"perceptible eye, that the impres 


from the stereoscopic examination of a pair of ‘photographs taken with = 


IV ered of the camera in a 
ch de 7 tion of a pair taken with the camera axis in a vertical position, is, of oo ola 
nually only relative. For m mapping purposes, certain absolute control data 


some- ‘required, such as the positions and elevations camera stations or 
positions and elevations of at least three points in field of view. 
of the adequate -ground-control data and with photographs viewed ina properly 


‘ojects designed measuring stereoscope, ‘the. positions and elevations of all the 
tures shown in common the stereoscopic pair can determined. 


This Of course, the problem not as simple as the foregoing statement | 


ected "indicate, and both the theory practice of the stereoscopic operations vary 
3, band the nature. of the problem and the accuracy desired. One of the best 
_ discussions of the ‘stereoscopic use of photog raphs published i in E nglish i is that to 


Capt. M. Hotine, Re ‘he follow ing description is "prepared from 


<= 


To demonstrate the stereoscopic fusion of two: images of ‘the same object 


viewed from. two different positions, hold a sheet of cardboard between the 

two dots | in Fig. 1 other dot 


ay 


will be hidden by the cardboard and will be in the view of the -other eye. a 
Place the head | opposite the dots i in the “ ‘square on’ ’ reading position, but Bot 


too , close to the dots, and attempt to look past the dots and through the } paper. 
any is need i in performing, this feat, make two _ similar 


“Aeroplane Topographic Surveys,” Transactions, Am. Soc. C. E., 
627-655 ; also, Bulletin 788, U. Geological Survey, pp. 384-398. 
Professional Paper No. 4, British Air Survey Committee ; see, also, 
y Ale Photograph ‘by Capt. M. Hotine, pub, by | Richard R. ‘Smith, 
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‘cal. side. The two dots will appear to move inward and will finally come peerther, Lee 

raphs 


“appearing asa « tingle: dot in stereoscopic fusion. 1 this dot appea appears blurred 
Maintain it in fusion by an effort of will and. look back at the paper, thus 
bringing the fused image into visual focus, q: 
yi means of the foregoing procedure one is able to appreciate the exist- 
z= of only one dot where two actually — exist. fa, The question of where the 
third dot is , in relation to the original two, is answered by the geometrical 
principle of ortho-stereoscopy. In Fig. 2(a) let Points o and o’ be the actual 


positions ¢ of the two dots a and ‘Points E and ‘©, , the positions of the two ped 
Then, according 


2.- —Gromerric EXPLANATION oF ‘THE: FUSION 01 Imaces 


may be for geometrical purposes, to lie i space at the | oO 


(fixed by the intersection of Lines Eo and EK’ 0"), , provided the application — 
than BB’. 

Ine explaining the fusion of two images | each of se separate 

lying at different distances from the observer, | in . different planes: 

of elevation, Captain | Hotine used two pairs of dots, as shown in Fig. ¢ 

which, 1 with a little practice ‘and the use of a cardboard strip, ca can be nee 

two separate dots, provided the two horizontal pairs are not separated 


too far from each other. he rid 


If proper fusion is obtained, the observer will see that the upper 
fused dot is appreciably nearer than the lower. Captain Hotine explains’ 


this with the statement that there i is a binocular parallax between the two 


images equal to the distance, 0’ 0”, on Fig. 2 (b), which is the difference i = 


ery 


distance. 
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In Fig. ), the EOE’ is the ‘parallactic angle”. or the ‘ “angle 
; . > convergence” ” of the visual directions from the e eyes to the fused image, 0. 
Similarly, the angle, EO’E is the convergence to the image, 0", formed 

by the fusion of the two points, and 0”. The angle, ‘on 0”, 

represents the difference of these two angles of convergence, and corresponds — 


a the parallax, of 0” . Consequently, the existence of such a difference of « con- — 
vergence | is assoc with a perception of relative distances. 

“The writer has repeated these illustrations almost in Captain Hotine’s 

words because they so 30 clearly and so simply the » fundamental 
principles of stereoscopic measurement of distance and depth and because it a 
is important actually to see the fused i image of one pair of dots floating: in _ 


‘Space above the fused i image ‘of the other pair. ‘Tt i is then evident that, if one - 


‘can measure the difference in elevation between the fused dots with precision | 
and have some means of recording that difference, an entirely new field 


thin 


a - From the stereoscopic impression of binocular parallax, which is a factor 
| that: can be measured, the observer i is able to evaluate his estimation of rela- 
_tive depths in measurable terms, provided he has at his disposal an an 
"measuring stereoscope. If the aerial photograph be considered as made 
of a large number of dots, and two overlapping vertical photographs are 
hails’ viewed. -stereoscopically, it i is obvi ious that the observer needs only the relative 
elevations of. a sufficient number of dots or features to ‘control his measure- 
ais “ments in order to determine the elevations of all the dots or features 
ae - represented i in the stereoscopic pair. It is equally obvious that if all the ele- 
arate | . = 7 vations can be determined, half the problem of drawing contour lines is solved, * 
lanes | -= and there remains only the need of some device to draw these contour lines 
g. to some me definite : and u d uniform s ome 
ta In all measuring stereoscopes, there are two index marks | (crosses, circles, 
rated triangles, ete. one ‘in each binocular telescope, and the stereoscopic fusion of 
Pan "these two marks forms a pointer er which ‘is commonly « called a floating mark. 
This. takes the place of the cross-hairs in a transit telescope, and enables the 
ains* "operator and trace in the e third dimension 
two Ability te to “see stereoscopically” requires both h training and practice. Some 
in possess remarkable : stereoscopic | power, but the ma rjority of « engineers chavehad 
cular -neithe r the training nor the time to investigate the subject exercise, 7 


although 1 ‘progress may seem to be “quite slow at the start, persistent 
4, 


so far as. the eyes are is not harmful, and experience: has 
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effort will result in i increasing ability to. obtain stereoscopic fusion easily and 
‘without effort. bs This fusion is ‘difficult, if not impossible, to obtain if the 
observer is at all under the influence of alcoholic drink. ocular references 
tot the sensation of “seeing double,” "therefore, may have some | basis in fact; 


however, it should be stated that the effect | is only 


floating mark. “This pointer a re ference me ans “of which 


the varying parallax caused changes | in the: relief of the terrain can be 
_ made > apparent. The fused image, or pointer, such as is herein mentioned, — 
as a net 


will appear to float in space relative to the landscape. By moving the pli ite- 
holders, it may be placed farther aw: ay or closer to the image of his ene 
by varying” the difference parallax existing between the mark and the 


image » of the ground, shown as a plastie model in the fused aerial photogr: iphs. a 
It is not always possible to secure immediately a perfect stereoscopic effect 


in a measuring instrument havi ing a fi floating mark or pointer. _ A person who 
x 

can obtain a . good plastic effect from an ordinary stereoscopic pair of photo- 


graphs often becomes confused while observing the image ‘moving behind a 
fixed pointer. T he untrained eye wanders from image to pointer, and when 


the apparent level of the pointer is changed, has difficulty in restoring the 


stereoscopic effect. This lack of co-ordination may y be gradually ov overcome 


by training and practice, and when finally secured, remains indefinitely. | The | 
time required for this training varies with different individuals, but it is 


safe to | say that two weeks’ application | would be sufficient for one having 
‘normal sight and ¢ ability, to learn to see well with the ordinary stereoscope. a 


‘There are several different types. of measuring stereoscopes, ranging from 


instruments of the stereo- -comparator type—w hich permit the "measurement 


of differences of elevation, but require independent plotting—to ‘instruments — 

which combine the functions of mensuring and | plotting into one operation. — 


‘stereo- -comparator is is instrument aptly deseribed by its: name. 


‘nage views of the : same 12 object 07 or area ea taken i in, or rectified to, the same 


plane and, by measuring parallactic ‘displ: 1cements between fused images: es of 
points, permits the evaluation | of the three co-ordinates of the eee a This 


is accomplished by comparing ‘measured parallaxes of “unknown” points with 1, 


those of points the three co-ordinates of w hich are known. The mechanics: 
of the operations involves the movement of one photograph toward or away 


from the other in the direction of the line of flight and the ac accurate measure- a +04 


rn of these movements. Such instruments permit “point to point” plot 
ting in a three-dimensional system. Contour maps can be made by their use, neo | 


but the process is slow and laborious. Instruments of this type are made 


by m most firms that specialize in photogrammetrical instruments (see Figs. 4 ae J 


5). interesting but somewhat theoretical discussion of point plotting 
by an instrument of t this type has been issued by Syracuse University." Hite 


5 “Topographic Aerial Photographs by with the Stereo. 
by Prof. Earl Church, Bulletin, Syracuse Univ., June, 19380. 
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The most noteworthy and of the principles “a 


ews -comparator to mapping by use of aerial photographs perfected in the 
United States is the developed by Messrs. Arthur Brock 
European, methods is that it “uses instruments and thereby 
‘accomplishes the m 
tion _of the tilted social | negatives to equivalent vertical seonaentin in n the 
form of. positive plates; - second, the drawing x of contours and other details on 
‘a transparent medium placed over one plate of a stereoscopic: pair, which 
drawing is still in perspective; and, third , the transformation of ‘the per- 
spective ¢ drawing to an orthographic projection to the } proper “map scale. The : 
stereometer, by which the perspective drawing i is accomplished, » is. shown a 
Fig. 5 5. One of the particular advantages claimed for the separate operations 

of this method is the ability to use more instruments for the operations Ss 


the most time, the of tl the bottle” and 


M ost of the European i instruments ‘the operations wale rectifica- 


measuring, ‘plotting, and drawing in one instrument , operated by one 
man, but sometimes using an assistant to help in making the instrumental — 
adjustments. Most of these instruments are somewhat similar i in design and 


operation, of them provide. means of actuating a drawing pencil 
= the map sheet so. that” the > map features, be 


= 


| 

4 


the. ‘results largely by mechanical means, so some largely 


7a? 


the European instruments accommodate oblique | as as 
“horizontal and vertical photographs, and are adapted for photographs taken . 
- fro the air or from the ground. The essential operations involve the placing» 


. a pair of overlapping plates in a pair - of plate- holders and adjusting them | 
o that they form a stereoscopic model when viewed through a binocular — 


—_— device, and then adjusting the model to the plane and | scale of the — 


map ‘projection. mn. Two index marks, one placed in the optical train of each 


viewing telescope, are fused into one image which apparently can be moved ) 7 


over the model in the three co- -ordinates of space by means of three wheels, 


actuated by hand and one by foot. an ‘movement only, 
> 


vith the three space so that a pencil plots the 
‘Projection of the fused pointer as it is moved. over the model. The particular 


advantage claimed for all these instruments is that they ey are. -Tine- drawing 
rather than point- -plotting instruments. Each of them has some special 


features for which the maker claims specific advantages. ‘Some of the best 
known Ssbiphaobiaibisibes are the e stereoplanograph (Fig. 6), the autograph (Fig. 7), 


&“Aeroplane Topographic Surveys,” by George T. Bergen, M. Am. Soc. C. E., Trans- 


— 


@ 

@ 

“Gg 

= 

— 

Ny 
— 

a 

— 

&§ 

— 


STEREO-TOPOGRAPHIC MAPPING 
and the aerocartograph (Fi ig. 8). of this type have 

_ This paper covers in detail only one of the several instruments used in 
cos topographic 1 ‘mapping. ge It is left to Gieoumners to develop marked differ- 


ences between this type and others. i it at curl 


Most of ‘the early efforts | to perfect st stereoscopic measuring and plotting| 4 
instruments were directed to the use of photographs taken from ground 
stations by a -photo- -theodolite. In Germany, R. Hugershoff, Am. Soe. 
C. Ee Professor of Geodesy in the Technical Hochschule at Dresden, has 
been exceedingly active in the development photogrammetrical instru- 
ments. His first “automatic” | measuring and plotting instrument was known 
as the | autocartograph (Fig. _ ‘This instrument: was adapted for use with 
photographs taken from the ground and from the air, the former both hori- 
zontal and oblique, and nd the latter both oblique and vertical. e The instrument 
was cumbersome and ex] expensive, but } performed its function ths a a remarkably 
high degree of accuracy. . This instrument and the stereoplanograph (Fig. 6), — 
showed an exceedingly high degree of accuracy in drawing large-scale maps — 
with contour intervals as small as 4 } m.” ul Both require the determination by 
-_ground- survey methods of at least three elevations for each Stereoscopic pair 
a photographs. Hugershoff bent his efforts” to the development « of an | 
instrument that would eliminate | some of the ground- -survey operations by 


‘permitting the extension of horizontal and vertical triangulation | from. the 


photographic data, and that be smaller in size and cheaper in cost. 
The results are the (Fig. 8), and the -aerosimplex (Fig 
which is s designed for small-scale reconnaissance alent 


The acrocartograph (Figs, 11) isa combination viewing, measuring, 
plotting, and drawing instrument. By an I ingenious arrangement it also 
Permits | the carrying of horizontal positions and elevations throughout a 


series of ov verlapping photographs without intervening ground control. 


wall ‘The. -general theory of the aerocartograph i is based on ‘using two over- 
lapping | photographs and observing the two images of any point through two 


telescopes so as to determine the position in space of | that point by. means 
of the ir intersection of the lines of collimation of the two telescopes. ~The 


photographs may be positive es or ‘iin and on glass or film; but # they 


in ‘the negative is in a the instrumental ‘adjustments. “The 

overlapping pair is placed i in two  plate- -holders in the same position in respect 
to each other and to the ground as they had at the | moment of exposure. 
The plate- holders. are ‘equipped with matched Tenses of the s same focal length 


and other optical properties as the camera lens with which the photographs” 


‘The observer sits at the instrument and views the two photographic i images 


of a point w with two telescopes; just. as if he observed the actual point once 


™“QUeber die der Genauigkeit aus Luftlichtbildern Topo- 


-graphischen Grundkarte 1:5 000 von Amrun und ihre Wirtechaftlichkeit.” 
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aii a telescope from 1 the first position. of the : aerial camera and | again with 
Scan telescope from the second position n of the camera. — . Ins setting the index 


or “cross- wires” in the two telescopes on the two of. the same 


that to of sight to that point from the two positions | 
{ of: the camera. These positions of the sight bars are mechanically projected 
on horizontal and vertical planes | so as to place the drawing pencil in the 


plotting device at the intersection of the two horizontal (Xx and Y) com 
_ ponents and to record the vertical (Z ) element on the vertical component. — i. . 


ve 


The stereoscopic fusion of ‘the two index marks or cross-. -hairs” forms 


“floating as ‘previously described, which can be made ‘apparently to 


Fic. 12.—Scue MATIC DRAWING OF THE 


travel over the plastic stereoscopic model formed by the two photographs, b 
actuating two hand-wheels in n the X and Y- -directions, and kept apparently — 
_ touching the su surface of the model by actuating a foot- nen eee the 7 
-Co- -ordinate. m accurately graduated ‘system of on each of 
‘and components adjusts the trace of the drawing pencil to the 
desired s scale of the map and permits the conversion of the reading the Z 
component into eleva ation in the unit ‘desired— meters | or feet. iit 
‘The “aerocartograph,” an instrument, may be ‘eonsidered i in three 
parts—the optical, the measuring, and the drawing systems. relation 


of these three systems to each other is shown in Fig. 


— 
— 
“ — 
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The Optical System —This (Fig. 13 which 
“enables the operator sitting in front of the instrument to. observe. at the same . 
time two corresponding i images of the same object without foreing or strain- 
ing his” eyes. This is possible. only when the eye-pieces, OK, 
exactly with horizontal distance between the pupils of the observer's ey 


‘Facilities for the eye- pieces to meet this condition provided | 
ance, 
separation to fit the. pupillary, distance, 

and the screws s (26) which permit the movement of either one up or down. 7 


ive 
Each e eye-piece can be focused. separately by turning ‘the fe focusing rings (24). 


To obtain accur racy in stereoscopic > setting of the index 


13.—DeETAIL DRAWING OF THE MAIN SYSTEM | 


marks on the it 1s necessary to 


In other w words, it is necessary that the vertical projection of the base 


line » which | in| this case is the the two camera stations, 


plished by the diagonal reflecting serve to. turn 


the fi fields of view of each eye- piece in the desired direction. Tt is also: neces- 
sary y that the fields of 5 view in the two eye- -pieces be brought ‘optically to the | 
same scale. i is accomplished by turning the image focusing sleeves (27). 
Finally, it is desirable to bring the stereoscopic _ field of view optically to as 7 
large scale as possible, taking into consideration the size of the grains of 
the emulsion on the plates and the sharpness 0 of the images. This is accom- — 
3 ‘plished by turning the two magnification sleeves (23) to the e same setting. 


These magnification from two to four. and one- 


4 


th 
e 
Pree: also of the entire stereoscopic field. In order to mect these conditions itis | [ff 
neeessary that the fields of view of both eyes have the same optical orienta- 
— 
ee 
q 
| 
: 
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the system contains a special ‘whi, by means of 


lever r (30-30), permits the ‘switching of a prism in each telescope to cor- 


view ed with the left eye, and vice versa. This of prisms 
two advantages: ‘First, the changing from normal stereoscopic vision to 
= pseudo-stereoscopic observation, in which mountains appear as valleys and 
; ~ we versa, and © trees appear to be growing into the ground instead of above a 
“the | ground, permitting duplicate measurement of their height, , once in normal — G 
and once in pseudo-position; and, second, the changing» of only one plate at * 
a time in a sequence of overlapping photographs, so that after the operator — 
has completed his observations on, Plates 1 and 2 in the ‘series, Plate 1 can oe i 
be removed and Plate 3 inserted in its place and adjusted by images alone a . 
to Plate 2, so as to form a second stereoscopic model properly conformed to ce 
the map projection. The last mentioned operation makes possible 
- carry horizontal and vertical control from one photograph to another without : ia 
si ground control except in - the first and last plate pair of the series. Paees 7 a 


The M easuring Systen m.—The r recording of directions in ‘space by the a aero- 


is analogous \ with the measurement of these directions by a transit, 


but instead of sighting the > natural object with a transit, the acrocartograph 
operator observes the photographie image of this ‘object. In order to locate 
rat a point in space by a a transit, | two directions i in space must be me measured, one 
» from each end of the base, involving the use of | two transits or ¢ one transi 
x placed, successively, ‘at each base end station (aerial or ground camera a 
ee _ The aerocartograph operator locates this point in space by sighting 
‘i two. photographic images of ‘the same point, one taken from each camera 
4 _ The photographic 1 images are contained i in the e diapositive plates, P, i nthe 
plate- holders, (Fig. 12). ‘These plate- holders are optical for 
exposure camera and the diapositive plates are reproductions of the 
the two 0 successive positions of of the camera. The angular 
measurements are made through the lenses, O, which are duplicates of the 
lens in the exposure camera. 


As an n ordinary transit telescope is turned on 2 a horizontal and vertical 
axis when directed at any point in space, it is necessary to have the same 
_ movements, or substitutes for ' them, in the aerocartograph in in . order to cover 
us the entire field of view in a stereoscopic pair of photographic plates. In the 
operation of a transit. the direction in space of the line of collimation is _ 
resolved into two ‘components which are recorded as horizontal and vertical 
== angles. aM In the same manner the line of collimation of each observing tele- .y: 
- seope in the aerocartograph, when directed at the photographic image of a 
4 However, the viewing of the photographic image of the landscape instead 
ae the landscape itself permits a substantial simplification i in the cape instead 
and movements of the sighting telescopes. Instead of "rotating the 


‘its vertical axis in order to measure horizontal angles, the telescope is 
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my 
4. 
Mall axis i ord ler 


to ‘meagure vertical angles, a set of 
horizontal axis, H—H, in front of the objective lens of ei where. ‘he | 


“use of a fixed and stationary binocular telescope simplifies the —— 


operation. of two telescopes: and permits stereoscopic examination of two cor- 


di 
responding of the same natural objects. he “optical intersection of 


two. lines of sight determines the location of an object in its three 


rdinates- space. This” imaginary intersection, of course, must be 


The mechanical expressions of the two lines of -collim: ation are the guide 
rods, L, which act like two transit telescopes. These se move up ‘and down on 

_ their horizontal axes, H’-H’, ” and rotate about ‘the vertical plate-holder ¢ axis, V. 
An azimuthal change of their direction, with respect to the co- -ordinate system 7 
a the instrument, causes the plate- holders to turn simultaneously through | 


the same horizontal angle. A change i in the inclination of the guide rods is | 


transmitted ‘through the sliding» members, G, to the revolving reflecting 
prisms, R. This is accomplished with angular precision. Thus, the guide 
rods, when once made parallel to the lines of collimation of the corresponding - ; 


will be the true representation of the lines of. collimation of 


the telescopes and will permit directing them toward any point in the photo- = 


index mark, M, ‘whith. “corresponds - to ‘the. eross-wire in an ordinary tele- 
a. index marks are engraved on the inside le face of a a lens as indi- 

. 12 ‘- The rays of light originating f g from image p points on the 
ton plates are ‘brought into coincidence with these marks in their 
plane. By forming coincidence in this place it is possible avoid 


measuring errors which would have been introduced if the plane of coincidence 
had been in other parts of the optical system. Binocular. observation with 


both telescopes properly adjusted brings | these two index into fusion 
and produces a ‘single or losting mark which seems touch the 


‘graphic field of view. Tine of sight in each telescope | is defined by an 


rom those i in 


holders by. position ai the with lenses. 
is accomplished by special focusing r rings on the plate- holders. 


ori: The horizontal position of an image point is recorded i in the drawing 


n of 
system either graphically or on the two horizontal co- -ordinate scales. 
elevation is recorded on the vertical « -¢o- -ordinate seale and also on a rotatin 


recorder something» like a encoileanctor isco: at the right side on the front 


of the instrument so that ae operator can observe the elevation reading with-. 
out moving from his seat. The graduations on all the recording scales a 


in millimeters and can be read to tenths by means of verniers. "Qonversion 


of these. readings to actual dimensions in so in the units desired is ‘simple 


The Drawing System:—This consists 3 of a a three- dimensional co- ordinate 


system (Fig. 14) functioning with the -guide- s-rods so as to. draw. a horizontal 
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Different lenses used in exposure camera: the same specifica- 
tions, may have slightly different focal lengtl the plate-holders. 
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projection of the photographic images to the seale desired. In com com- 


prehending this: system, must keep in mind that the 
“designed | for use either with vertical (or oblique) photographs taken 


“(ti is understood th: at rences to ve rertic ral and al 
photog aphs taken with the ‘optical a: axis of the camera in a vertical or hori- | 


+. 


| 


SBBBABS 


zontal position. must ‘p in mind that the plane of the ( rawing- 


Bei, in the base of the i ins strut nk ent is approxim nately ; at right angles to the 


pl me of the plates in the pk Ate: holders so that the axes of co- -ordinates in the 
1 from horizontal -photo- 


drawing system differ in drawing from_ vertical anc 

In the ease of horizontal photographs, the co-ordinate, as shown 


on the diagrams in Fi igs. 12 and 14, is the elev: ation element, while in the > 
ver ‘tical - the Y- -co-ordinate | is ‘the elevation element. 
Tt easier first consider the use of the with horizontal 
photographs taken from ground sti tions, bees ause these photographs are really 
taken in a pl ine at right angles to the pl: ine of the map ‘to be made, which 
"planes correspond to the oh ines of the plates Ss and the dr awing- board in the 2 
instrument, respectively. is then to. understand | how, by a simple 


shifting of gears, the movements are adapted to the ] proper co- ordinates” in 


f jj 
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ru 
_ drawing from vertical aerial photuavaphe, he axes of the drawing- board, F’, 
are the x and Y-axes of the instrument. _ The X- -axis is parallel to the I 
“obeerver’s. eye- base in a vertical plane in the ease of terrestrial photographs, 


and in a horizontal plane in case of aerial photographs. The Y. -axis is at 


right angles to the eye-base in a horizontal plane in the case of terrestrial 
photographs ‘and in ay vertical plane. in case of aerial photogr: aphs. The 
# Z- “axis: is is perpendicular to the surface | of the: drawi ‘ing-board in a vertical plane 
in the case of terrestrial photographs and in a horizontal plane in case of | 


‘The X- axis constructed as two parallel tracks on which the y. -axis 
ean be : moved parallel to itself. The Z- axis is attached to the Y-axis and, 


therefore, ca can be moved parallel to itself. this Z- axis ‘mounted 
te two arms of the column, B K, , which move the guide-rods by means of the _ 
- guide-rod sleeves, ‘A, and A », and these move on the left side i in the three 
of the ordinate system and on the right side the and 


This construction permits 1 the representa- | 


of ‘the. distance in space between the two. camera stations as expressed 
on the scale of the map to. be made. ‘The axes of system | 
marked bar, by, and bz in Fig. 12, and the vernier seals by which the three 


components can be set and to map scale are marked bay by, and 


Y, and -axes can be by means of pei wheels" and one 
wheel, all of which can be reached by the observer from his seat in front H 


With photographs in plate- -holders, the moving of these 
three wheels gives the following results. If the left- hand wheel, 


durned- clockwise, the base system is moved along the X-axis peg to 
right. . This changes the direction of the guide-rods_ with. reference to the 
€0- ordinate e system of the instrument and turns the -plate- holders clockwise 
about their vertical axes 7: ) that the pointer seems to travel i in the stereoscopic, 
field from left to right. Turning the right-hand ‘ wheel, Ha, clockwise moves 
_ the > base system along the Y- -axis toward the front of the instrument. This 


causes the guide- rods to , converge so that the intersection of their directions 
is closer to the eye- -base and the pointer seems to move to the foreground of | 
"the stereoscopic field. ‘Turning the foot- wheel clockwise moves the column, 
downward due the Z- -axis, tilts the. guide-rods, and raises the inter- 


section their directions, so that the pointer is moved toward the upper 


edge of the stereoscopic field. 


q 


_ These three movements, all bei ing translated to the g yuide- rods, are so inter 


‘related that one affects the others, and they must be made simultaneously. 

‘By means of these mov ements the pointer can be traced in any direction over 

the model and kept apparently touching the surface at all times. if the 

drawing pencil, S, is “connected with the sliding collar at the base of the 


Z- -component, it will plot on the drawing-board the horizontal projection of 


: each optically intersected point or of the trace of the pointer over the ster eO- 4 


scopic model. component can then be read on the graduated | 
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scale on n the Z Z- 7 in ‘millimeters a and d ‘decimal | parts, which can ‘readily — 


ae 

: be transposed to elevations above the datum plane in the units desired —feet 


i. the foot-wheel is turned so that the reading | on the « Z- co- ordinate s scale 


- jhralaae a certain contour and i is ‘left in that position so that the elevation _ 


1e 
a _ reading will always s be the same, the pointer ean be forced over the model 
sf apparently kept in contact with its surface by ‘means: of ‘X ond 
alone. The drawing pencil then traces the horizontal Projec> 
tion of a continuous ‘series of points of the: same elevation: which must be be 
With vertical aerial photographs in the plate-holders the relation of the 
“measuring and drawing systems to the optical system must be | changed 
that the co- -ordinates will conform | to the length, breadth, and depth of the 
‘field. In other words, the plane of the plate-holders should be 
3 made horizontal, , or the pl: ine of the drawing- ‘board s should be made vertical. 
“— a As it would be mechanically. impracticable, to make either of these changes, 
simplest solution is” to select the ¥ Z- -co-ordinates of the instru- 
“ment as a theoretical mi ap plane corresponding to a vertical | drawing: board. 
a | In order to accomplish this, a second Z-spindle (31) is thrown into gear so 
-_ 4 ] that it is driven by the right-hand w wheel a and the same gear- ‘switching trans- 
mits | the movement of foot-v wheel to the Y-spindle. The drawing pencil 
is then connected direc tly to the gear which drives. Z-spindle so 


that it receives the e same movement from the right- hand wheel as t the second — 
% spindle. — ‘The theoretical ver tical map plane has thus been turned 90° and 


the horizontal drawing-board, F, now serves for drawing from vertical — 
photographs, 
With this arrangement, if the left-hand wheel. is turned | 
result is the same as with terrestrial photographs, and the pointer seems to _ 

_ travel i in the stereoscopic field from left to right parallel t to the line of of flight. i 

the : right- -hand wheel i is turned clockwise, the column, B K, ‘is moved a 

the lower edge aa the stereoscopic field —in the s same plane as the -move- 
ment, but at right angles s to it, the two movements being - in the horizontal 
‘plane i in space. _ The drawing pencil, however, moves in the direction | of the 


axis toward the front of the instrument. ‘Turning the: foot-v wheel 
moves” the base: system along the Y -axis ‘toward the back 
the instrument. ‘This causes the guide- “rods to diverge so th that the inter- 

section of their directions is farther away -from the eye-base and the pointer 
seems to move downward or into the ground. The ‘drawing pencil will then 
ly. plot in the xX and ordinates the horizontal trace of the movement of the 

“pointer over the model, ‘and the vertical ‘component or elevation can be 
he read on the graduated scale on the Y-axis. big 
he The aerocartograph has two other drawing surfaces so. ‘that, if desired, 
of - three m: maps can be drawn at the same time on the same or on different scales. 

20- The drawing drum shown i in Fig. 81 is placed on the front side of the instru- _ 
just below the observer eyes. This can be covered by tracing paper 


and, by an an ingenious gear arrangement, the same movements in the: plane 
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of the map are tr: ansmnitted toa second drawing pene ‘il and a second copy of 


map i part cular ages this a arrange ment, are at 


The third drawing surface is on a separate table known as 
. natograph, which is geared to ‘the co-ordinate spindles ‘of the m: ip plane and 


on which a third pene “il traces the apparent movement of the pointer in the — 
same way and with ‘the same aceurac y as the pencil il on the base drawing- 
board. F The particular advantages: of the co-ordin: atograph : are that the draw- 
> ing-board is more accessible and the gear ratio permits a larger ' change it in 


ale the photo-se “ale than can be accomplished by the drawing system 
in the base of the instrument. The co o-ordinatograph. also permits the plotting 


of and control points from known co- ordinates with more facility 


> usual | drafting mean 
ides a reference mark by the 


varying caused the « changing relief of the te rrain may be made 


visible. unde rstood, of ourse, that ointer,” re fe to the 


feed Sema of the two index marks, one in each « eye-piece, which are rigidly aa 


identical photographs be used in ach pli ate- holder, and viewed 


one, there would be no stereoscopic effect, and the e pointe r would remain in 


- apparent co ontact Vv wi h the ground at all point is i the area, no matter how. 
vie 


Tre 
great the re elief. If a stereoscopic pair be v wed and adjusted the 
pointer: coincides with the image a hilltop, and the plate pair ‘moved 
whole, that the pointer covers a lower r area, it will appear to ‘float. above’ 


ground, owing to the parallax. 


The fixed positions of the t two marks may be represented ‘the 


points, A a ind (Fig. 1 15), on a ne representing the plane of ecoine 


_ where it intersects the traces of i rays from a. hi Itop to the camera: in- its 


successive Stations 1 and 2. The t two index marks are in coin- 

idence nage 
which appears r¢ rest on the hilltop. ‘If the left- is turned, ‘effee- 
tively moving ‘the index arks i in the fixed plane ot coincidenc B and 


y re spectively, the ray from the image, YY of the lower point: in the le ft plate 


intersects the plane of coincidence but owing to the parallax, 
the ray from the corresponding image, xX the ris ght plate docs. net inter- 


the plane at B’ but at B”, and, consequently, monocular 


_ corresponding images of the lower point (seen by alternately « insies the two 


eyes) will show a displacement between the two index marks and the two 
i images of the same point on the ground. _ Stereoscopic vision (with 


its: respective inde mark) will ew fusion’ 


1 appears to flos 
| 
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“the Tower point. if the nex 


mi marks back to A and A’, the “paral 


must be simultaneously with the as ral and stre: 


aha 


vrily thei ir level. a the is not used, it is, of cours’ 


nd 


to use the eye- pie inde pe ndently and cause the index mi arks 


follow | a road or a stream. ' The two projections of a road or a stream thus 


drawn’ would 1 not coincide, and neither would be a true 
Pr 


drawing contours , the foot- plate, of course, is locked. 


3 in an ordina ary stereoscope, , the. photographs 
position: order to get perfect ste reoscopic fusion, ‘it is th: at the same ae 

procedure must obtain in the orientation the photographs in the 


holders of the aeroce artogri aph. T he ste 
ane which coine ‘ides with the proper me of the co- o-ordinate system, sine e 
. 


7 


it is desired actually. to take measurements in this stereoscopic field and such 
measuret ‘ment must ‘be obtained through the co-ordinate ‘system of the 
-eartograph. " The ste tereoscopie field must also be so oriented that the eyes of 


‘ the observer. will see it as if, he were at the ‘stations where the exposure eS 
were only: when ‘the im the pl: ate-holders 
al he ave the 


neg atives to ‘a in the ‘exposure, 


he | Fore, or deeply 
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STEREO-TOPOGRAPHIC “MAPPING 
“must have a position in the drawing system of the instrument in which the 7 
relation to the horizon in the original exposure is maintained. tis essential 
that there be a true reproduction of the angles of the light rays as they 
come into the exposure camera in order to obtain the interior orientation 


tions of which are — 

_ The ‘exposure camera differs from 

has an optically flat glass plate, on which are engraved eh ante center -—_ 


four collimating | marks, one in the-center of each margin, arranged so that. 
these marks are on the exposed. 


flight should be as panera 60% a 
When the area is such that parallel flights 1 must be alle a fights roe’ 


overlap at least 10%, and preferably 20 per cent. 


In the aerial surveying camera used in the -aeroeartograph method, v uni- 


plates. negatives have been developed, positive glass: 
of each individual negative are made by ‘contact printing. Contact prints» 
are also made at the same time for reference and study. The “negatives are 
= filed, and a are used again n only in case of ‘oss or breakage of positive 
‘ontrol. —The st pair of 
in each flight or strip are ye to ‘establish ground control. The length of 
such a strip | or the number of photographs over which aero- -triangulation can - : 
. be carried safely without additional ground control depends on the scale of | 
the map, the. of relief and the contour interval; but, , under average 7 
conditions, it is from ten to fifteen photographs. “ies points, and prefer- 
_ ably one additional for a check, which are clearly identifiable i in the overlap 
7 ‘portion of the first two eke ee chosen, and the ] position 1 and eleva- 7 
tion of these points: are determined by ground- survey methods. These three 
’ points form the vertices of a triangle and if it can have the shape of an 
equilateral triangle with as as” long sides as the overlap will permit without 
: being too close to the edges of the photographs, the control approaches the 
ideal condition. ie A similar set of terrestrial control points should be estab- 
f lished in the overlap of the last pair of photographs in a strip flight, although 
these points may be in an approximately straight Tine | at right angles to the 
Hine of ‘flight ‘instead of forming» a triangle. For ease of identification o of 
selected points, it is advisable, if time permits, to photograph the area 


; previous to the establishment of the ground control. _ Such points as road 
q 


corners, intersecting g fences, stream forks or crossings, or points easily refer- 
enced by lone trees or houses, are proper control points for aerial photographic - 


work. The usual ground-s “survey triangulation points are seldom identifiable 
ina photograph, and it appears” that, in this method of the production of 
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s from aerial photographs, one must change the ground -surveyor’s | 
- in regard to what constitutes a proper set of control ‘points just as further 


investigation of the manner, in which these points are located ix in the field | 


may result in an entirely new ‘technique of ground operations. Engine 
_ has shown that the aeroce wrtograph i is capable of a remarkable e degree of accu- 


racy in extending horizontal control by aero-triangulation, provided that, at 
least f for large- scale work, the ground control is established with a high order 


4 
“After the ground- -control been located and plotted on the map 


7 sheet, the positive plates are placed i in the plate- holders of the aerocartograph, 
~ and the interior, stereoscopic, and exterior orientation is secured by optical ok 


mechanical means in a definite routine. A considerable advantage in 
method is due to the fact that in the aerocartograph | instrument, there are 


a minimum of moving parts” as well as operations or steps in the securing ; 
the final product. When this orientation has b been perfected, the operator 


has before him a stereoscopic picture or plastic ; model of the landscape. ‘The | 


flexibility of the method is clearly, apparent, since is now possible for 


produce at once, without intermediate operations, a map d kind to 


To obtain the scale, it is s not necessary have ground-control p points 
every pair of photographs. _ The first - pair of plates (called, for example, 


- Plates 1 and 2) are oriented and adjusted by comparing | an serocartograph 


“mages of ‘the ground- control points with the actual plotted positions 
‘known of those same control points. Three new picture, points are 
then selected by images alone (and without them on the 
4 ot that i they lie i in the advanced edge of the stereoscopic model and will also” fi 
appear on the third plate. (This is the reason for the 60% overlap). These 
points are selected that the central point is is about i in the center of the 
strip and the other two points are on a line at right angles to the line of | 
flight and near the sides of the strip of photographs. eRe 


Plate 1 is then removed from its plate- holder and Plate 3 is substituted for 
‘it t and oriented and adjusted to Plate 2 by i images alone, using the: advanced 


. stereoscopic | effect can be corrected by shifting | the prisms in the 
“optical train so that the two plates are viewed i in their normal relation and 
“appear in proper ‘sequence. | The orientation of Plate 3 is thus accomplished 
without t the use of any additional points located lon 1 the ground. . This process. 
is continued for a all the successive e plates i in ‘the series of photographs | taken 
in any one strip flight. . By means of the control points in the last pair of 


‘plates, the error of closure, if any, becomes apparent, and the entire flight 


of the the pn and the is m ade 
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STEREO- TOPOGRAPHIC M APPIN Papers 


J 
which have been proved by comparison with test 
of aeri a on which many ground- control points have been 
a The correc ‘ted tting of each plate the nm computed th: at upon 
re-insertion in the pk ite-holders, the sequence ‘of stereoscopic “models s ean be 
"developed in detail with the assurance that there will” be perfect closure in 


position and elevation at the end of the strip. . me In short strips, or in cases —_ 
where intermediate elev ations are available, the corrections are ma de as ‘the | 
work ‘eeds, thus avoiding duplicate inse rtion of the pli ites. ae th 
pk ite pair is in the pli TS, the ap det: uils are drawn directly 
arises model with the aid of the and plani- 
metry, as well as the contours, are tr means “the  floatin ng ms ark 
a series of continuous lines and not as lines formed by inte terpoli ition, ae tween 
otte points, | as in ground-surve me ‘thods. 


: are plotted directly on the m: Ip sheet in base of ‘the instrume nt, 


on the | co- -ordinatograph, these details being shown in true orthogr: aphie pro- 


je vetion, Inasmuch as ‘this: plotting is of a continuous: series of points of 


inte rsection of rays "projec sted true hori al pli ine, the Fre is 


pantog aphie prineiple involved the construction. a1 and oper the 


__ Information as to land | boundaries, name “J and other ‘fe atures not a pei 
ing on . the photographs is usually de termined i in the field du uring 


of obtaining "the ground control. 


are led d-surve ‘methods, but oper: ti 


The value of good maps has long been apparent to the map 
_— producer. Tt is believed that the v value of maps cons structed according, to 


ons are l 


“proper standards” is being recognized ‘More and more by the profession, by 
those in authority | in the dev elopment of projects inv volving the use of n: atural | 


esources, and by the "gener: al public. This | recognition will result in’ an 


“ine ‘rease od demand for better m: aps i it is belived that al photographie. 


~ methods will serve more and more as an. important | aid te to the map producer 
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paper prese ents: the results— of study of stresse s -buttre ess and 


type “masonry "dams ‘and develops formulas for the an: 


es at : any point on a horizontal s section, through day ams. 


structures paper are div ided into 


of ‘lat sha b or mu dams hav aving rectangular 


three ar 


horizontal sections that taper with the he ight. 


I shown that. the stress for ( and become identi- 


= 


ius nfinite the 


section types are given. 


ver 
are based the numerical s solution 


of prine ipal stresses in a gravity am, straight in plan, as presented® by the 
William: © ain, M. Am. Soe. C. E. Professor Cairn’ an: alysis was 
m: ide mor ge neri al and was exte to include the vertic al component 
“the v w ater, load on gravity di ams either in m, or to include t tapering 


Obse itions- made | “the writer experience gained in an endea 

to ‘obtain the pr ineipa il stresses in solid and buttre dams have indicated 


that the ordinary method of determining vertical normal stress s at the: 

he el and toe of high di ams is not sufficient for the complete analysis of the 


Although engineers in the past have given thought to the existence _ 


oe fv —Written discussion on this paper will be closed in April, 1932, Proceedings. 7 


tbs, 1Hydr. Engr., Div. of tate Dept. of Publie Works, Los Angeles, 


in Masonry Dams,” Transactions, Am. Soc. C. Vol. LXIV (September, 

1909), 208, and “Practical D sning of Retaining Walls, ‘Seventh Edition, 1914. 
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— IN BUTTRESSES AND GRAVITY | — 


stresses, no great advancement in the art of the stress. 


-minations has been made, 


wink 
Vertical or inclined. cracks, due to shrinkage of concrete and temperatu re | 
changes, occur in large gravity dams even before any water load is applied, 

and an analysis of stress distribution is not complete if ‘cracks or 


inclined contraction joints are not included in the analy: sis. The suggested 
use of inclined joints in a high gravity dam arched in plan, mal the writer 


to develop the second group of equations for gravity 


_ The analysis ‘of the 130- — ss of a multiple- arch ‘dam indicated 


considerable tension at the up- stream face although the vertic: al normal 
compression stress at the point was 121 lb. per sq. in. Because the aor 
— eracked approximately on the line of maximum principal stress an analysis — 


was made assuming complete severance of the structure along that line. 


result of this analysis indicates the possible | advante ages of inclined con-— 
_ traction joints in this type of structure and caused the writer to derive the 


following formulas for the ‘determination of internal stresses. a 
7 In the analysis used to compute the principal stresses in the structure 


the stresses caused by shrinkage of concrete, temperature changes, earthquake 


es settlement of foundations, ete., and the effect of the found: ation upon 


the distribution of stresses, are not considered. ~ The summation of the v verti- 

eal forces is equal to ‘Zero; the summation of the horizontal forces is e 


to zero; and the nail formul as, — P iad for the determination of the 
a? vertical unit stress, are the basic ic equations used. 


determin tations of the -vertical normal 
horizontal normal stress for gravity | dams s straight i in plan, are derived first. 
The first and second principal stress are computed and Professor Mohr’ ss 
graphical method is briefly described. The basic checks are shown and 
- “ numerical : solutions | of the principal stresses for two triangular dams — 


rectangular dam ‘are presented in Group 


that | with infinite radius these identical to. the 
I.E 


plan (assuming that the arch does carry any of load) is 


a Group ITT, the vertical, horizontal, and shearing stresses and the prin- 


_ cipal stresses are derived for buttresses of flat- slab or multiple- arch dams 


having rectangular horizontal sections that taper with the height. The stress 


distribution in. the buttress of a multi ple-a -arch dam has been ‘computed with 


without the introduction of an joint on two assumptions : 


First, as a "monolithic base ‘second, as containing an inclined joint 
severing the base. Ss 


stresses are ‘derived for “gravity dams in and it is chew n 


ome of the results of these ‘computations ‘are 
abulated herei n. tables and graphs have been omitted d to conserve 


7 _ * “Technische Mechanik,” by Otto Mohr, 
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January y, STRESSES IN BUTTRESSES AND GRAVIT Y DAMS_ 


and loads are, in 
- 


Group I.—Srraicut Gravity Dams = 

1y plane com- | 


Vertical Normal St resses.—The vertical normal stress on any 
puted by the usual formula i ‘is, 


‘in which, p» is the vertical normal stress at the add stream face, and ; Pay Da, the = 
(Equation (1) is “often. 


vertical normal stress at down- stream face. 


“written: Ppa or po). 
point, a2 distance from the 1 up- stream 


The normal stress at any p 


~ 


po 


3 


or pa will be used for the vertical pressure at the : 


‘The Duy Do» 0 
up- -stream face. subscript, D, is omitted as ‘Da does not appear in the 


must be used to denote 


‘lowing formulas, but the subscripts, u, 0, and d 
plane on which the stress isapplied. 


The vertical ‘normal stress at any point on the plane, u, is, 


and the summation of the a stresses on the plane, u, is ial a 


Lail Let the vertical stresses on the e planes, 0 and d, at t the up- stream face be, 


si spectively, po and pa; then the summations ns of these | vertical stresses on 


re 


=> Po Xo 


‘Shearing Stresses. he vertical shear, q:, any ny point, x, in the 


between the planes, wu and 9, is obtained from the basic —— that the an 


esses 
— 
d 
S = be the rate of change of intensity of the vertical normal 
stress. Then, the unit vertical pressure at Point jis 
ae — 
— 
2 
= 
- 
— 
h 
x 
= 


STRESSES IN BU TTRE AND GRAVITY 


forees is equal to 
dl 


in w hich, is s the total vertical shear on the end the se ection (see Mig. 


— 


aes. 


‘Substitutin ng vi alues tor an Py, ve “membe bering that 


4 

and solving ition (8): 


1 = masonry unit, and W, = we — — 


Pu 


—. 


‘The unit shear thie wa of the cross-section at x is to be 
“the a average shear at a point midway between wu and o on the vertical plane 7 


distance rom the origin. 
The shear on the of. the. cross- section between and d is obtained in 


‘the s same manne er as shown on. the section be ‘tween u and o. The sum of 


the vertical forces on the lower section is, ‘ 


oy 


w 


= Po + Ve tue 


attr ont over! 
‘ 


By 
— 
be 
— 
4 
= 
4 
j 
of n 
— 
— 
— 
= 
aaa 


pan 


1 — pa dan 


‘The ave age of i. e she cal plane at 2 


ince from the origin, ov, 


the v: ralues of q and q 


x 

As the horizontal shear at a point is equal in m magnitude to the vertical — 

* ar at the same point, g is the horizontal shear on the plane, 0. The sum-_ 

3 


-- 


= ition of the horizonti I shear ‘on the plane midway between Planes u and 0 — 


0.5n 


esses.—The 


is pve ined by the ie basic 


. 
horizont: al stresses is equal to zero, thus, 


Inserting the of and q from: Equations | (13) and (18), respec- 


+ EC 0) +2 (4 — 
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the general ‘equations necessary to determine the 

point” on plane. After: obtaining the stresses, p, v, , and g q, at any point, 
the principal stresses and the their direction may be computed or obtained 
graphically by Mohr’s diagrams. I Professor Cain’s method 

principal stress results in the derivation: of the formula’: 


7 


+V(p—py+4@) (25) 

graphical determination of the magnitude of Sent and second 


of stresses. To construct a ide diagram ray stresses in one 
plane draw three “parallel” lines, a, = and ¢, distant q qa units: apart, to any 
convenient scale see Fig. 3 a raw 


j a referer ‘reference perpendicular 


ve 


to the left of o be and to the right, tension. 


Draw Ao’ equal to Bo” equal to p Draw the circle, ACBC’, with 


AB as the diameter. The distance, ¢, a the line, 0, is the maximum or 
ess, The direction of the first principal stress is shown 
s AC. It is to be noted that no tension can occur if — — 
than the radius of the circle. a 


4“Practical Designing of Retaining Walls,” Seventh Edition, 1914. 


- 8“Abhandlungen aus dem Gebiete der Technischen Mechanik,” by Otto Mohr, 1914; 
also, “Design and Construction of Dams,’ by Edward Wegmann, ‘M. Am. Soc. cz  - 


first’ principal stress. 
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— Mazimum ‘Shear. —The m s equal to the radius of the 


Dis the two principal stresses and the radius is equal to the maximum > 


‘ame, or 


be 


Checks ormal Stress, and Principal 
Stresses at Up-Stream and Down-Stream Faces of the Section.—The follow- 


ing checks should be made of the stresses obtained from Equations 9), 


‘equations are | 


For the 1 up- -stream face: 


te 


= 


of E Equation at = L, i is as follows: Equa ition (25) 


a A= 4 (p + + — + = p m'p = p a 
but, tan® id i= =m’ 1 = sect 6, or a m = psec” which cheeks. 


=H .. 32) 
(3) The sum of he first and second principal in is equal to the sum a 


of the normal stresses at any point, 


», on the down- stream face i is equal 


(5) Ww hen the up-stream face is vertical, the shear is equal to zero 


the up-stream face, or, when n = 0, a o 


. é 
ai. 
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_ STRESSES IN B 
W hen the ‘stream face is vertic sal » the horizontal normal stress 
the up- stream fa equal to unit water r 


)w the down-stream face is vertical, the shear i is al to. ze ro 


> 
“the wn-stre ace 1=0,¢ 
Jown-stream face, or, whe nm =9, 4-1 =% 
vertical, the norm: al stress 


(8) When the down- stream face is 


atthe down-stream face is equal to zero, or, when m = 0, Dp 

“Stress Distribution in Gravity Dams | Straight in I 

Example 1—Given a triangular dam with Wi ate r r load to the with the 


q up-sti stream face 


third point. n=0; m=—;3 h= = height; 

= he up-stream normal stress is zero at any 

: 


‘ 


g= = Pa — Po —Pr 2 is a constant =—,orp=S: 


al As the up-stream face is vertical, 
10), (11), and (12), A, = 0; B,=1; and 0. ane 
Similarly, by substituting the values of 0 2 = 0 in 


(45), and (17), , As = =0; B, and C.= 0. Subs 


nation of. stress are: 


a 


> 


and, 
The shear stress, for a tris angular dam varies horizont: al sec 
but the: 


straight Tine and the horizontal normal is a cons stant, 


h 
the requirements pe follows. F or is 
chosen as a whole number and as | the results ant falls s on the « one-third point, 

termir 


the weight of the cone rete is determine d as 143.48 Ib. per scadiehes 
48 L = = 0. 66 h: _ 0. = ke 


The va value of k is —— 
* 


= 0. 33 and, = 


aking moments about the down- stream um ig. 0. 44h 0. 


> 


— ; 
— 
a 
— 
| 
| 
| 
= 4 
— 
1 
4 
“ 
— 
dar 
( 
— | 
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The point of ation of the Simi = —— 0.22h, or, the 


4 


0.66h 


7 


In this exampl = anil Pa = h; there fore, 8 ir = —— = 1.51 


a 


si 


Fig, 


Fo or the same distance, x, on any plane, Py = Po= 


100: L= 66 


Substituting and =L for the up- ‘stream and down- stream faces, 
respec tively, LE nqui itions (40), (41) and (42), p= 433. 56 at both fac ces ; 
the up-stream “hea both p and q are equal - to ; and at the -stre: am 


ying the eight itemized checks to Equations (40), (41), and» (42), 
for the up-st1 stre am face, 0 by Table 1 No. 2), and 


4 
ess 
7 
en Pi 
Pe 05h 

4 1 LOU-T ul Tt wn 

| 
1 
he 
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(29) (Table 1, Item No. 3)5 and 143.2 56 avation (80) 
(Table 4, » Tem m No. 4). By Equation (32), 2178; but 
_ 10000 _ 
= which checks. Equation (83) is checked at 


TABLE 1.- —Srtr SSES IN Various TYPES OF Gravity 


Srress ‘Masonry UNITS PER Foor, For VARIOUS VALUES OF 


20 | 90 | 40 | 


TRIANGULAR Gravity Dam — EXAMPLE 1 
4 


15.15 | 30.3 | 45. 60.6 | 75.76 | 90.9 /100 - 
10 | 20 30 |40 | 50 60 66 
43.56 | 43.56 | 43.56 | 43.56 | 43.56 | 43.56 | 43.5 

46.7 | 58.0 | 74.5 93.6 112.16 |131.7 © 
12 =| 15.8 14. 3 1.6 | 2.7 


Gravity Dam — ExaMPLEe 
= 
30.30 | 60.60 | 90.91 {121.21 {151.51 {181.81 |200 
25.46 | 41.84 | 49.12 | 47.31 | 36.40 | 16.41 7 
40. 34.0 24.8 15.1 6.7 |. 
67. 91.2 |116.8 |139.0 |160.1 |183.1 
| «8.42 J—1.15 —1.9 |+0.1 


Gravity Dam, ARcHED IN Pian — Ex AMPLE 4 


 p_— | 33.62 | 37.88 | 42.14 | 46.40 | 50.66 | 54.92 | 59.18 
q@ | 0. | 6.75] 13.52 | 20.30 | 27.1 

p | 41.67 | 42. | 42.2 | 42.6 | 42:6 

fi | 41.67 | 47.01 | 55.7 | 64.9 | 74.1, 

fe | 33.62 | 32.87 | 28.7 | 24.1 | 19.1 


e secondary principal | stress, fs att the down- stream > face is equal to 
zero (see Table 1, Item No. 5), and the stress at the up-stream face is equal 
zero, in accordance with Checks” (4) and (5). Finally, t the horizontal 


a normal | stress at the up-stream face is equal to ‘the unit water pressure, 
which is in n accordance with Check (6). 


common method showing the distribution of the first and ‘second pr prin- 
cipal stresses is to draw lines of equal stress or contours” of principal _ stress, 
illustrated it in Fig. for Example 1. method of showing the stress 


distribution by means of the ellipse of stress” (Fig. 6) was introduced by 
yore. * The major and minor _ indicate 
and direction ‘the principal stresses, 


Example 2.—Assume a restangular dam with the up- stream, face vertical 


lie nd with the resultant of forces falling at the middle- third point at a height, 
h, = 100 ft. Let L = 66 ft., and let n, m, and V =0 (see Fig. 7). Then, 
= 66 or 6 600 masonry and, H = 62.5 


» 0 x= = 0.2178 


Minutes of Proceedings, Inst. C. E., “Vol. CLXXII, Pt. II, 1908. 


T 
 poin 
— 
| 
| 
| 
— 

| 
| 

dow 
of ti 
hat 
abo 
Pa? 

* 
| _* 
Eq 

— 
igi. 


ts about the treat 200. The pc point f 
| application of the resultant of forces = ———— = 22 ft, width 1 is the third 


By Equation (1), Po = 0; Pa = 200; and S, = 3.0303. For the ser 


— 


Stress in Hundreds of Pounds 


Fie. 


1 ft. above the base: = 66 X 99 = 6534. The m oment about the 
-stream toe equals 145, 198. The point of application of the ‘resultant of 


_ forces i is s 22, 22 ft. from the down- stream — or r 10. 78 ‘ft, from the center 


of the base. Equation (1) give =99 + 97.030; 


that is, pa = 1 97; po = 196.03; and 
- Similarly, for the section 1 ft. below 
about the toe is 145 178; the point of ‘of resultant of 


21.78 ft. from the ‘down-stream face; and, 3 P= = 101 + 103. 030; that 


= —2. 03; Pa = 204.03; and S)=3.12 


Solving E Equations (10), (11), and (12), for these conditions, 


97; and = 0.045. Similarly, for Equations s (15), (16), and 
B= 3.030; cand 0.459. It follows from m Equation (3) ‘that, = 


the values determined, make the proper substitutions in 


— 0.0852". a) 


ere 
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< 

The first and ‘second principal stresses are determined by substituting 


eeu (43), (44), and (45) in E quation (25). The results are listed in’ 


¥ 
4 


—— 


7, 


Tab le 1 1 (It Items Nos. to 10, inclusive). It wi 


small amount of in a dam of this— type. 


| 


Com 


Stress in Masonry 
° 


Units 


Tension 


i. 


Ww plotted graphically distribution is parabolical in shape. 
Asi in E xample 1, the total shear, dete rmined by E E Equi ation. (32), 2 O=2 178. 


a he average shear is maximum vertical ar is 1.5 
= 49.5, results checked item for item, as s demonstr din 
Example 3.—Assume a buttress type dam with the up- -stream 
face on alto1 slo ve, orn =—1; the down-stream slope is v 


82 dan 
= 
the 
oplic 
— the 
ge 

a 

| 
: 
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the buttress spacing for 

density of. the deck sli ab is same as the de nsity, _of water, and 


the we eight of 1 . ft. of masonry is as 1 150 (See Fig. 8(a)). 


thieal sent: ation the prine ipal stresses is shown in Fi ig. 


for a dam 20 ft. high. Ter nsions would be excessive if this design were 


carr ied to any reason: ble he ight. 


ertical Nor Stre ve tical nor mi stress or i the up-stream 


of the trapezo section computed by. the usual 


vertical normal stress on the /down- “stream edge of the tr: apezoid: al 


(48) 
+S = 
in whieh, P is” sum of the vertical. normal stresses: on the horizontal 
plane; a, the area of the sec ction; M, the external moment about the neutral 


— 
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line; ¢,, the of section at the -stream face; t 


‘the q “distance from 
, the neutral line to ‘the down- stream face; c, = 


‘the neutral line | to the up-stream face; and J, moment of inertia of the sec- 


a tions about the neutral Hines that i is a 


+ 
hth) 


‘Sine will in terms of fy and xz it does not appear 
formulas, and tw ill be used for the w idth at the up-stream face omitting 
the subscript, a; but the subscripts and be used to denote the 
plane on 1 which ¢, is measured. 
Total Vertical Normal Stress, Pu, on the Plane to Point 


_ The volume 0 of ‘the solid, Pu (shown in shaded lines in Fig. 10) is equal to 
the vi olume of the parallelopiped, Pus 


tu, (a —n), Sy (x — n), minus the volume of the two wedges, 
Puy (2 — n), minus t the two nih, 
—(a—n). Stated | algebraically, 
= ly ty (a (z— n}S, 
=—pytyn 


the volume of the 


a(— S.) 


‘Total Vertical Normal Stress, Po, 
The « diagram for this case would be similar to ‘Fig. 10. By gin a - 
“for Pu to fi for | tu So for Su; and x for (x — n), in Equation (49): 


_ Total Vertical Normal Stress, Pa, on the Horizontal Plane to lien. .— 


The diagram for this case would also be similar to Fig. 10. By ‘substituting 7 
for Pu; ta for tu; Sa for Su; and | +n) for (x —n) in Equation 


+ Satan 


Pata 


4 “= 


Pa , Sata +2 ( 


— he thickness of 
to, x 
| 
wed, 
a 
Hed 
— 19) 
4 
— 
— 
: wr >. 
— 
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Volume Ww. of the Section Between and o—The volume of 
(shown i in solid line in Fig. 11) is equal to the volume of the parallelopiped, 


to, x, 1, minus the two wedges, ‘. n; minus the two wedges, 2x; plus the : 


two 1 inverte 1, w 


“wedges, tot ne Stated algebraically, 


Volume, of the Section Between Planes’ and d.—tThe volume of Ws 
(shown in solid lin lines of Fig. 12) equals, 

= tow — 


Shearing Stresses — The shear, g:, at any point, x, on the section 


between F Planes u and is is obtained from the basic assumption 


Substituting the values of Puy P., ‘and W, from Equations (50), (51), 


and (53 S, 


Pur 


tun — 


2R 


— 
| — 
| 
= 
| — 
= Pu ty + to — Poto + — Sy 


TTRESSES AND GRAVITY DAMS ‘ss nua 
values 


a 


% 


1 
ae Sqn? 4 


g 


“= 
Sata San 
bo 


Patan + 


stress, 


e of and iS ‘the average shear on the vertical plane ata 


— 


The stresses Gt ane stresses 
at a point, but for the total width, a To unit stress the 


ween Planes o and d is obtaine respec 
— 
— = Pole + — Pata - 
— ~ 462) 
dan 
= 
— 


be | y the width of. ‘ited! section at that point. 


= 0, and 1; Equations (57), (8), (68 (63) 


nd (10), (11), (15), 46), and (17), 


-T he neral ition (Haus ition 


er avity da 


ne’ stress ss, no 


stres ipal pal stresses at up- -stream down- stream faces 
gravity dams apply : for this case of gravity dams arched i in plan, . 


‘Stress Distribution in Gravity Dams Arched in Plan— 


"GA sal & 
Example 4.—Consider a triangular: dam with up-stream face vertical, 
n= = 0. are: m= 0.8; R= 400 height um, 
eight of cu. ft of masonry = = 150 lb. the of 


62.5 lb, Ve alues for p and ; 


y and mecha anic. ‘The results a are summarize zed in Table 


Nor P RESSURES » GRAVITY Aro HED IN Pu AN 
a 


..| 33.2957 66.9918 | 
33.6189 67.6955 
- 33. 9418 68.3998 


of the factors, A, RB. D. in Baquations (58), (3), 8), 
(02), (63), (64), and (65) are obtained. Us 
(67 follows: p = 3361 

932 2° - : 


Table Ite Nos. ‘te ‘15 ine lusive, are the stresses in a ere 


os arched in plan, at a height of 100 ft. ‘The. radius is 1400 ft., the up- | 
. stream face is ve ne the down-stream slope has, a batter of 1 on 0. 8. 


Grou TH. 


T he formul: is stres Ss stration in a im 


pre ams. that in ss with the The taper: of the 
included. in any formula for the stress analysis, The assumption 


made - that the slab or, arch, loading and the normal component of slab weight 7 a 


: are applied normal to the face of the buttress, but the weight of the arch faa oe 

applied vertic rally to th the buttress. These assumptions enable the distri- 
of the vertical normal stress on the buttress to. be written algebrai- 

ha 

re eduction of the verticnt normal ar the up- stream 


| 

« 
— 

im 
» | 

4) 
4 iii 

(59), 

7) 

a 

d 
Bi. 
eS 
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face because of d distribution over t! the greater area tik an 


nd buttress, the 

shearing stress would be gr greater. ; Any i inerease in shear or - decre 


ase in the dq 
vertical normal stress, or both, decreases the second principal stress (increases 


the A. Noetzli, M. Am. Soe. C. E., has discussed this point 


—The normal stress on any 
plane computed | by 


a 


6M\__ 


| For a tapering buttress, ¢ must vary with the height. For conven ience, | 
7 ‘the section generally analyzed i is taken as a 


unit width and in this case 1 the 
section is taken on Plane (See Fig. 12.) 


Let tu, t and ta be the total thickness as of buttress at upper, middle, 
and lower planes, respectively. ‘The thickness of the upper section comparec 1 


* o that a the center section is in the ratio of bu oo a4 (8 43 
A str on on Play her on dis ‘ibu ed Pl by 
stress, on I ane en istrik ute on ane o is” carried by a 


iw stress acting 0 ona unit area on 1 Plane 0; rte on Plane u: 


o apply p of Plane u on a 0, — (70) must be multiplied by on 
the ratio of the thickness of Planes w and o, i) 


4 
_ the t total vertical normal stress on Plane u is, =! 


ss of the | lower section compared to that of the center section 


| 

is in the ratio of Let bz; ‘Equation (73) is to 

The total vertical normal stress center is, 

W, and be the weight in nry units of ‘the: width of 
concrete at Plane 0 Planes and o and between Planes * and d, 
Design and Construction of Masonry Dams,’ ’ by M. Am. Soc, 
E., Highth Edition. 


— 
rest 
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_ respectively. From an inspection of Fig. 13 it ‘is seen that, 
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= Wt + by) 


+ 


earing Stres Ses. —T he vertical shear, Gy at the point, v, on tl the section ; 

between P lanes u wand 0 o is obtained from the assumption that the s summ: ation — 


Fie. 13. 


nd (75), cand 


- Pu by — Sy by 
af 


may be. reduced 1 to the form of Equation or, 


4 — 
7 
% 
— 
me 
> 
| for wy, substitut mn 
pte — 
i 
= Subu 
Then, Equation (80) | 
if 


IN BUTTRE SES apers 
L ikewise, by a similar proe ess, reduces to the form of ation (18) 


and, 


ay 


2 


the taper equals zero, b is” equi al to 1, E quations 78), ( (79), 


for * and. its corresponding form for qs, Equatio ms (82), and (84), 

reduce e to Equi itions (10), (11), (12), (1 5), (16), and ( 

Horizontal N ormal Stresses.— he horizontal norm: al at any point, 


sc dardPcestte by the use of the assumption that the summation of the wn 


zontal stresses is equal to ze ro (see de ition of ation (2 
irst and Second P rincipal Stresses—The ¢ gener: al ation f or first 
second principal stresses for the cas (Oo! am also applies 
for this case of tape ring buttresses. sy 


Checks of _Equations.—Al shear :ring stress, horizont: 
"stress s, and principal stresses at the up-s stream and 


straight gravity dams apply for this case of tape ring - buttres : 


Middle-Third Theor The nume al xamples s indicate the fallaey 
eory as a safe criterion for dam design. tr te 


jag Ine rectangul lar gr wity di ams the volume of material is twice that in trian- 


A ir dams and ‘the up- stre eam hi alf of the d: 1m hi as very limite resist ance 


: to uplift, w hile the: down-stream half has a tension in the seeond prine ipal 


stress making the less stab than tl the latte ter (e compare 


e shown in Fig. 8(a) are standing 
stress, and provisions should be made stress in the design of this t 


type. By ya nt antity of materi: ail the 


buttress (chanting down: -stream le te ension is climin: ited. 
New Design—Buttress and Grav alien the des ‘sien of ds ums of the. 


‘SS te nsion: at the “stream fi ace be he at a minimum. 


luced. 


in h, is ss of the buttre 883 


- 
4 
the» 

able 
— 
J the 
sat 
tra 
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the vertica component: of the we of the dee! k on a 1-ft. section ‘at any 


elev: ition. _ An increase of the up-stream slope deer: the tange nt of 
slope measured trom the vertical, and, hence, decreases the : shear, and if the © 


-stream slope were vertical (n= = 0) th the shear would 


as the slope dee reases s the resisting ‘moment, due to the | vertical component of 

the weight of w W rater, is ‘decreased, and the ratio -horizont: al fore es” to : 
"vertical forees es (s sliding factor) is increased, Fredrik ogt, Assoc. M. Am, 


re 
hea has show n® that the » most economical design is that in which 


Bo. The average slope for most American multiple-are hor. shi ab- and-_ 
n 


sd: ms is about 1. 1 he use of these slopes, while giving good stre ss dis- 
tributio 


a 

sults, ‘involves a ‘sliding factor in excess or that generally 
ngineers as adequate for some types of found 


on $a 


write ade an effort determine the stresses in the S: an Gabriel 
am with ine clined contre vetion joints, but was unable. to decide up upon any 


satisf: actory assumption: of loading: or pressures that might, exist on the. con- 


tra joints as, designed. is his” ‘opinion, however, that the 
formulas as will indicate : a system of joints located so that satisfactor y assump- 


tions for determinin a ean be 1 made. 
Distribution of 8 —It is well known that the vertical normal st 


distribution of gr: wvity dams is not linear, although for tri: angul: ar dams of © 
thicknesses of 50 to 60 ft., the error probab ly is small. When and ‘if a more 


xact distribution of the vertical normal stress is expressed in terms of the | 


length, it ‘should | be inserted in the "foregoing formulas and the shear 


ited linearly. Some large- 
experime nti al work « on stress ‘distribution in mass cone would be 


valuable to the profession, although: a more intimate > knowledge of other. 


physic val propertie s of cone rete is more essential. 
By the use of me thods. now pri actice the principal stresses at the heel 


toe of small gravity or buttress dams, either arched or straight in play 
are easily obtaine finding ti e ve rtical normal stresses Che 


and horizont: i norm: al str esses may be assumed as being distributed Hineasly 
for only a quer al tri: angul: ar dam with water ‘to the : apex of the tri: angle 7 


(see Table 1 and Fig. 8). i. he she ar and horizontal normal stresses for 
rect: angul: ar and irregul: ar sec tions are not distributed line arly (se e able 1) o 
and an ani alytical an: alysis is necessary to de termine the’ ir mi 


oT 


J 
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4 
if | 
a 

slope bet contraction joints along: 
| 
cag 
| — 
— 
— 
— 
 eau 
partial or total failure, dividing the base into irregular sections, the section 
is modulus of the entire base should not be used in Equation (1). Any gravity. _ Adee 
| 
Cellular Gravity Dams.” 
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dam higher than, eannot hence, each 


ear: monolithic b block into which the dam is divided by cracks | or joints (which — 


ay not be » triangular) should be analyzed. 
‘The analytical method described in this paper, cca used f for gravity or 
@ It provides an exact and concise method of determining maximum 
(2) It gives complete internal stress analysis; 
~@) It indicates that the monolithic section only should be used when — 
determining the section modulus of the base; _ wii 
(4) It suggests a method of design of buttresses eliminating tension; 
@) It ‘makes ay available a basis for design of construction joints. 


: area of ‘section nil yaed. 


== the distance of the neutral line from the faces: the 


down-stream face; ¢s, from the up-stream face. 


d= the horizontal plane 1 ft. below Planeo. - 


= unit stress: f, = first principal ‘stress; and ‘second prin- 
ratio of the “weights a unit ‘ot me masonry to a unit of water. 
sm = batter at the down-stream face = horizontal distance: 1 unit 
tn 4 = batter at the -up-stream face = horizontal distance: 1 unit 
ox o= the horizontal plane through the section considered. 
= vertical normal pressure at any point, x, on a plane; 


es pb = vertical pressure at up- -stream face; pa = vertical pres- 


sure at down-stream face. 


p = ‘wk horizontal normal pressure at any point, x, on a plane. | 
unit vertical or horizontal shear at point plane; 
> a = shear between Planes u and o; and q, = shear between 


t= thickness of the section analyzed; in a steaight gravity section, 
7 $s = 1, and in a tapering buttress section, t = the total thick- 
_ ness at the middle plane; ¢, = thickness at up-stream face; 
: = thickness at down-stream facee 

u = a horizontal plane, 1 ft. above Plane o. 


. weight of one cubic unit of masonry. _ 


to be analyzed; x» = distance from the up- -stream Pcs of the 7 


section cut by Plane 0; distance from the up-stream 
ia Aftas on face of the section cut by Plane 0; xu = distance from the 
-stream face of the section cut by Plane distance 


the up-stream section cut by Plane d; 


g 
— 
— 
&g 
— 
a 
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— 
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As = a substitution factor, with appropriate sbecrpt 
Baa substitution factor, with appropriate subscripts. | 
a substitution factor, with | appropriate subscripts. 
substitution factor, with appropriate subscripts. vee 
F = horizontal component of external forces applied on a — 
ft. thick midway between Planesuandd | 


H= = : horizontal component of the resultant of all external forces 
ane ros 
Ae 


is = moment of inertia. 
= the length of any horizontal section. 
P= ‘sum of vertical normal ‘stresses on plane 
on Plane u, ete. 
~Q = horizontal shear: Q: on the plane midway between Plane 
—. and 0; Qe on the plane midway between Planes o and d. 


8: rate of change of "intensity of the vertical normal stress; 

refers to any point on Plane wu, ete. 
‘vertical component of the water or deck pressure on the 
-up-stream face of a section between two limiting planes; 
is between Planes u and 0; V2 is between Planes o and 


w- = he x of concrete included between two horizontal planes; 


_ under consideration ; Pu refers to the summation of stresses 


— 
— 
q 
q — 
| — 
| 
= — 
— 
first principal stress measured from the vertical. 
| 
| 


— 
— 
= 
— 
— 
| 
a 
— 
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Discussion 


GorDON, Assoc. M. Am. Sec. CE 


FRED Assoc. M. Am. Soo. E. (by letter) method of. 
in this paper, is. one of those maddeningly 


ig 
simple solutions, a bafling problem, that show sheer genius. By a flight 
of imagination amounting | to pure poetry, Professor Cross has made the 
analysis of indeterminate structures even simpler than ‘that of a simple truss. — 


SS flood of discussion | his paper has unloosed is proof of its extraordinary 


verbal economy, nothing having a arisen that was ‘not a “ 
a i 


compiled by W Assoc. M. Am. ©. 
-slope- deflection equations fen any beam subjected to moments ench 


may be represented (using Mr. nomenclature), as follows: 

is 


At 


ql{1— (u +0 gl Cu + 


Maz = 601 + BOs (98) 


_  Notre.—The paper by Hardy Cross, M. Am. Soc. C. E., was published in May, 1930, 
Proceedings. Discussion of the paper has en in Proceedings, as follows : September, 
- 1930, by Messrs. C. P. Vetter, L. E. Grinter, S. S. Gorman, A. A. Eremin and E. F. Bruhn; 
~ October, 1930, by Messrs. A. H. Finlay, R. F. gm Jr., R. A. Caughey, Orrin H. Pilkey, 
and I. Oesterblom; November, 1930, by Messrs. Edward J. Bednarski, S. N. Mitra, Robert 
A. Black, and H. E. Wessman : January, 1931, by Messrs. Jens Egede Nielsen, F. E. 
Richart, ‘and William A. Oliver; February, 1931, by Messrs. R. R. Martel and Clyde T. 
Morris : March, 1931, by Francis P. Witmer, M. Am. Soc. C. E.; May, 1931, by Messrs. 
- F, Hickerson, F. H. Constant, W. N. Downey and EB. C. Hartman; _September, 1931, 
by Messrs. Thomas C. Shedd, David M. Wilson, and Marshall G. Findley; and eae 
19381, by Messrs. George E. Large, and Sophus Thompson and R. W. — - 


Engr., Bridge Dept., C. P. Ry., Montreal, Que. Canada. = 
Received by the Secretary November 27, 19381. 
8 Transactions, Am. Soc. C. B., Vol. 90 (1927), p. 167. 
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whic, is area of the for M = =1 1 at the left. support of 
the beam with unit span, having: E and I (minimum) = =1; q is the corre- 
sponding area for M = 1 at the right support, with the same understandings; 

is the distance from the left ‘support to ‘the | left characteristic point when 


u 
t=1; and v i is the distance from the right support to the right characteristic 


oint \ when l= 1, and a and ¥ represent the numerators of the moment-dis -distri- - a 
bution factors for the beams, AB and BA, the sum of such 6-coefficients for be 
the members meeting at one ‘constituting: the denominator. co 


= 


= + 


= 


_ Then, locking the ends remote from their point of juncture, 04, 9c. Op, 92 


mest 


= 
hy 4 q 
= 


ticular equation for a PQ, fixed at base, Mpa = 4 — 9p, e 
must be taken’ that the ‘moment of inertia used, és expressed in terms of 


‘that wil as unity for the entire frame; otherwise, the term, = —, cannot 


compared properly with 6- coefficient. of the beam equations, since that 


coefficient includes the moment of inertia of the beam. . or the same reason, 
if the inertia moments at-the centers of various shaunched beams are > different, 
the 6- coefficients be modified accordingly. 


Finally, the carry- over factors will be: 


The writer prefers in signs supportes ed by 1 the majorit 


‘discu ers—all clockwise moments — 
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CONSTRUCTION. | OF LA OLA PIPE LINE, | 


Discussion 


B. SAUNDERS, M. Am. Soc. C. E. 
_B. M. A. Soc. C. (by letter Since the 
of La Ola Pipe Line in November, 1926, operating history over a period of 


five years has answered in part the discussions by Messrs . Nelson, Thackwell, 


~The genera interest: which would be accorded data the 
carrying capacity of La Ola Pipe Line is ‘mentioned by Mr. Nelson. | For 
purposes of efficient operation and observation daily) weir readings have been 


Tes recorded at | two different it points | on the line since December, 1926, from which — 


some interesting have been accumulated and, without going into minute 
details, the following observations have been made. 
_ The section of pipe from the intake at La Ola Dam through to La Cabra . 4 


‘Tunnel: is that best adapted for. experimentation and. obser ration. In this 

section the hydraulic grade | is 1.5 per 1000 when the , reservoir is ‘full, and 

the pipe is of a uniform diameter throughout, with an n average « of 36.83 in. 7 | . 2 


A 


t the beginning of operation, when the pipe was new and the asphalt | J 


“coating was very smooth, the records show a capacity of 28.5 cu. ft. per sec., — 


Ags 
this capacity fell off rapidly | at the beginning of operation to about 27 

ft. per “sec. By July, 1929, the discharge had decreased to 25.5 cu. ft. 
‘per sec. and an examination of the inside e of the pipe showed 


- incrustation forming, which “materially increased the friction and reduced 


the inside diameter of 1 the pipe. 


_ After: some experimenting a ‘go- go-devil” ow was devised which successfully 


joints” and “eontact, steel platen, to which e attached steel 


Norg.—The paper by W. B. Saunders, M. Am. Soc. C. E., was published in September, 
4 1930, Proceedings. Discussion of the paper has appeared in Proceedings, as follows: 7 


February, 1931, by Messrs. Ernest B. Nelson, H. L. Thackwell, and William BE. Rudolph. - 
Hydr. Engr., Andes Copper Min. Co., Barquito, Chafiaral, Chile. 
4 Received by the Secretary November 27, 19381. 7 
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1932 SAUNDERS ON LA OLA PIPE LINE 


brushes. — The total weight and displacement is such that it will just float — 


is moved through the pipe by the ‘pressure | head of ‘water 
ex exerted ¢ on the circular disks. These disks are of such’ size, their lengths 
a re such, that the “go- -devil” will easily pass through the flat curves in the — 
pipe line. I In ‘theory, the disks form sufficient obstruction to allow. the 


building u ‘up of about 10 lb. sq. in. over their areas before 


tice, it is. not fully known what pressure i is exerted to move 

but when in use, the flow ‘capacity of the line is reduced about 22%, and the 

Ke 0 devil” moves at an average rate of about 2.5 ft. per sec., , which approxi- 

mates: the velocity of the water at the reduced flow capacity. oiit 
In operation, | this appa. apparatus takes rotary” motion and 

- brushes out the incrustations from the line. By using it every six months 

line e capacity is maintained ¢ at 27. 0 cu. ft. per sec., or more. 

« coefficient of roughness, (Hazen and Williams’ formula), a , as 


to this | pipe | line and its a has been observed to be as indicated in 


TABLE 6. —QUANT ‘VELOCI ITIES, COEFFICIENTS, AND ConviTIONS OBSERVED» 
Cox MPUTED FROM Pire Line OPERATION 
Observed quantity of velocity, in | (Hazen and 
_ in cubic feet per second Williams), | Condition 


f 


Thackwell presents a hydrograph (Fig. 13) which indicates the possi-. 
: 7 bility, of of obtaining aC continuous flow of 29 cu. ft. per 8 sec. of t water, provided 
or 4 000 acre-ft. of storage might be made available at the head of the pipe line. 
‘= 
topography of the country and the available dam sites’ do not ‘permit: 
the use of such a hydrograph, within, a reasonable cost. The present (1931) 
- 0 storage or regulation at La Ola Dam i is about 25 acre- -ft., and the site of the i 
ft. dam does” not. permit this quantity of | storage to be increased at that. ‘point. 
1 ‘The character of the country is ‘such that an appreciable quantity of storage 
lar 
at t any other available point “would be prohibitive in cost. However, after 
ein 7 - two years of operation, additional water was added to the La Ola supply by | 
| the construction of 4.2 of ‘pipe line, ranging in diameter from 4 to 
the 18 in., which diverts 12 cu. ft. per § sec. of water from the Juncal River (see 
Fig. 2) and puts” this water into a small stream leading into the’ head of 
La Ola Vega. After losses from seepage and evaporation, which are very 


large, this quantity of water is sufficient to regulate the flow of La 
. River at the intake of the pipe line so as to release a larger quantity than 


will pass | through the hthe pip. 
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LA OLA PIPE LINE Discussions 


5 udol ee costs are interesting and show 
efficient management of that work. is apparent that living and labor 


conditions must have been very | similar on the two jobs and that the cost of — 


direct comparison of other costs between the two jobs is dificult, 
RE ean xcept between the cost of steel pipe purchased in the United States. The 


small difference in cost for this pipe easily accounted for by a probable 

difference in ocean and rail freight charges and a different date of pur- fears 


chase. comparison of these costs with those of riveted steel pipe 


fabricated on the La Ola Line are all in, favor of the local fabrication. On. i 
the large tonnage of pipe used in this 1 line the saving effected by local pa j 
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TESTS OF BROAD-CRESTED WEIRS 


G. Assoc. M. Au. Soo. C. E. (by letter):*—The 
- discussions which have ‘been called fo forth h by this paper are greatly appre- 


 Setod The. discussions emphasize the e varied and complex nature of the 
phenomena connected with flow « over a a broad- crested weir. As Professor 
7) points out, this type of weir presents many fascinating problems" 
for study. “Among the infinite variety of crest forms there must be 
designs: which best combine a simple and constant head- discharge relation 
ee: minimum obstruction to flow and with ruggedness of construction and 
durability o of crest. ability. a a broad-c1 -erested weir to ‘operate : at least 
submerged 80% in some cases, as mentioned by Mr. Parshall) 


with practically no change in coefficient, gives it an advantage over a -sharp- 


. eink weir where head is at a premium ; and the fact that it can be built 


without sharp edges to wear round and thus materially alter the ‘discharge 


- coefficient, recommends it for use in measuring the discharge of débris- -carry- 


a. As a closing discussion of this first part of an extended : study, the writer 

offers | the following summary | of the characteristics of flow over a broad- 


rested weir and of the outstanding points which require further study and 


~ Since any weir not sharp- crested i is, in effect, a short open channel, most — 


tes 


of the phenomena of flow in open channels can also be observed in flow over 


broad-crested weirs. ‘The chief of complications in broad- crested weir 


studies, as in -open- -channel studies, is ‘that the: ‘simple conditions of 


uniform, parallel flow are almost always absent. e problem is usually one 


of accelerated or retarded flow, of back- water or down- drop ‘curves, and cg 
wave formation, a complete Sir of which leads far into physics and 
Norn. .—The paper by James G. ‘Woodburn, Assoc. M. Am. Soe. E., was published in 
a September, 1930, Proceedings. — Discussion of the aper has appeared in Proceedings, as 
follows: — ‘October, 1930, by H. W. King, M. Am. Soc. C. E.; December, 1930, by Messrs. 
Sherman M. Woodward and David L. Yarnell; February, 1931, _« ‘Messrs. Boris A. 
Bakhmeteff and D. D. Curtis; and September, 1931, by Messrs. Erik G . W. Lindquist and 
Associate Prof. of Hydr. Eng., State Coll. of Washington, Pullman, 
Received by the Secretary December 1931, val a 
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woopBURN oN TESTS OF BROAD- CRESTED WEIRS Discussions 


__ In considering the broad-crested weir as a short open channel, it is a 


"apparent that friction losses in flow across the weir must not be neglected. 
_ These losses reduce the discharge below the theoretical, frictionless maximum _ 
an amount which depends on the location of critical de depth. 


Gri Critical depth, ot or depth at maximum discharge f¢ for a given height of 
energy gradient, always occurs at some ne point in non- n-submerged flow over a 
broad- crested weir. may be expressed both as a fraction the total head 


and also as a function of the ‘discharge. From m these relations the discharge 


at the point of critical depth, which is the largest possible discharge for — 
channel in question, | can be expressed asa function of the 1 total head. It 


ge 


head, a—, to the elevation of ‘the water surface, since the pressure 4 


should be noted that the head referred to in the case is the - total head at the 7 0 

The location of critical depth i in flow over a broad- crested weir is usually 

not easy to determine. cases arise » for consideration. | 
Parallel Lines—In this cas ase the ‘relations between depth, 
discharge per unit of channel, total head, De=%He, 

bove the : stream bed, and with parallel flow it is obtained ad adding the ‘= 


head at any ‘point in the cross- section of the stream equals the height of the 


of water above the poin 


—Vertically Curving Stream Lines.—Since there is seldom any point 


4 

at which flow over a broad- crested weir is ‘parallel, it is necessary to con- 

‘sider ‘the effect of vertical curvature of the stream lines 8, and to ‘modify, the : 


"equations for discharge and critical depth to take care of the change = 
pressure caused | by centrifugal forces. The effect of vertical ‘eurvature of 


‘the’ stream lines has been treated “fully” in the ‘discussions by Professor 
Bahkmeteff and Dr. Lindquist. Another treatment of this subject, applied 


“particularly: to down- drop “curves, was | published in 1929 by Dr. Boess, 


in ‘reporting on some experimental studies” in the Karlsruhe Laboratory.’ 
‘The curvature of the ‘stream lines may be either downward or upward 


The total he rad is ‘represented | by the elevation of the energy gradient 


respect | to. the stream bed. if they | curve down toward the stream bed, 


centrifugal ac action reduces the pressure at all points in the cross-section below 


true hydrostatic pressure D r. Boess fe found by tests that it, could | usually 
be assumed with sufficient accuracy that this reduction in pressure is 


straight- line variation with the depth. Since friction losses. in accelerated 


_ flow are usually small, ‘the energy gradient i is very ‘nearly horizontal. Thus, ‘7 
a reduction in pressure head causes an increase in velocity head, with result-— 
: ing increase in velocity, 1 in discharge, and in ‘critical depth, for a given height a 
2“Berechnung der Abflussmengen und ‘Wasserspiegellage bei Abstiirzen und 
 Schwellen,” Wasserkraft und Wasserwirtschaft, 1929, No. 2-3. The writer’s translation 7 
of this work has been filed for reference: in Engineering Societies Library, 33 West 39th 
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4 Ha 


(max.) is larger than 3.087 7 sil also, with upward 
curving stream lines, De is less” then and Q, (max.) is less than 


‘The “application of these ‘relations to a study of the coefficients: of dis- 


charge of broad-crested weirs may be made through — the ‘equation for maxi- 


he value of in n this equation is equal to, greater that, 


ward curving ream bed. 
_ more, Hg in eantion (55) is the total Teed at the seetion of critical depth. 


. Because of the continual loss of. energy in a flowing stream, if the head at 
a point up stream from the point of critical depth is used in the equa-— 


tion, C= = —- ‘the value obtained for is less than the maximum value 


Sore 


by an amount. depending on the loss of head between the two points. This 
loss of head varies with the distance, with approximately the square of the 


 widlosity of flow, and probably also with the number of waves, hesuenees the 


Herein lies an of why the coefficient of discharge of some of 


te weirs tested increased ¢ as the 1 head increased, while tk that of other weirs: 


decreased. In the former class are all ‘the weirs with level crest. Critical 
occurred well down the crest at or. or below a point: of approximately 
= flow, signifying a limiting value of C of about 3.087. “Movement 
. of critical depth up ‘stream and decrease in the number of “waves with the £ 
increase i in head tend to reduce the losses between the point of measurement _ e 


on the weir and the location of critical depth. Increasing velocity, on the 


_ other hand, tends to increase the ae The increase in the coefficient with: 


The v writer’s weirs crests down stream, ahd Profess 
Webb’s weirs which sloped slightly both ways: from a crest line, show the 
coefficient decreasing as the head increases. Critical depth occurred usually 


: near the entrance or highest point, | and was either nearly constant i in location 
or or mov ved down stream @ as the head increased. increase in distance and 


“4 Of course, the limiting value o of C is not necessarily constant for a given 
weir, but may change with the head. Me This change becomes more pronounced — 
the down- stream slope of the crest increases. Thus, the: ‘pressure on the 
‘yound-crested weir described by Mr. ‘Yarnell: (Figs. 14 and 16) is evidently. 


further below true hydrostatic pressure as the head | increases, with ; 
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‘ef designing « a broad- -erested weir having a a ‘constant coefficient. a 
requirements ‘apparently | are that there be approximately parallel flow at some 
point on the weir so that the coefficient shall have | a _ definite limiting value; - 
and that t the resultant loss between the point of measurement of head and the 
location of critical depth shall be constant. It appears the writer that 
- the design of a weir of constant coefficient ; presents fewer difficulties than the 
"design for which critical depth occurs at ‘the s same location at all heads. rm : = 
Further progress in the study of flow. over -broad-crested weirs requires 
first an accurate: experimental | determination of the energy gradient. he 
height of the energy gradient at any point ‘can be computed accurately only 
a when the distribution of pressures and velocities over the cross-section is q 


accumulation of data “regarding pressures and velocities 


different forms of weir crest is to be desired. 
With: the energy gradient drawn, and the pressure distribution known, 


r™ position of true critical depth can be located and the variation of this 


position can be studied with va ‘vary ing head and with different shapes of crest. | 
Further study is needed of the coefficient _ of discharge of broad- -crested 
ae of many different designs. An interesting question is to determine 
the boundary ‘point in design between weirs which show a coefficient increas- _ 
ing as the head i d increases a and weirs whic which show va coeflicient Somaing as the © 


he y mie “ha 


wit 


3 39. —Vanration or W EIR COEFFICIENT, WITH Tora. 
head increases, — Another point to be studied is ‘the effect on the coefficient 


of small changes in the slope” of the weir ¢ crest. _ There are few data 
- available ) regarding the effect of various degrees of rounding of the entrance 
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Jar anuary, 1932 


The w writer is the experimental study of the flow ‘over broad- 
rested weirs in Hydraulics Laboratory of the State College of 
ington. F ollowing certain lines of investigation suggested i in the discussion, 


and from other sources, preliminary tests are being made of a number of 


different weir "crests: in a glass- walled flume, 1 ft. wide. The first three weirs 


. tested have been made of wood, with level ere crest 2 ft. broad, and 4 in., 8 in. 7 
= and 12 in. in height, with rounded entrance. — Comparison will be made with 
the results of the’ tests described i in the writer’ 8 paper in order to study the 
application of the laws of similarity. number of other erest ‘designs v will 
then be tested d to study in a general w way the coefficient of discharge and 
a profile of the water surface so that oii designs may be selected for more 
‘The tests of the three weirs (2 ft. broad and 4, 8, and 12 in. 
tively), with level crest, show that for heads: up to 0.5 ft. and discharges up 
4 to 1 eu. ft. p per sec., 7 the weir coefficient increases with the head. (See Fig. 
39. > ‘The point of measurement of the head was 2.0 ft. up s stream from the _ 7” 
entrance to the weir. Practically. the same curve has been obtained 
4 each of the three heights of weir. -*Fig. 40 shows conditions of flow « over the 
weir 12 in. high. * The crest was level, 2.0 : ft. broad and 1 0 ft. high, in a 
- flume 0. 999 ft. wide. The entrance was rounded « on a radius of 0.1 ft. The 
_ formation of waves at the lower heads is apparent. tS 
While the v writer was in Europe in 1930 as Freeman Scholar from the 
Society, he was on the alert particularly for investigations of broad-crested 
weirs, critical depth, hydraulic jump, and associated phenomena. He found 
very little work being done along these lines, s, At the Technical Institute 
_ of Zurich, a candidate for a -doctor’s degree under Professor Robert ‘Dubs 
was s making some tests of a weir about 6 ft. broad with a sloping entrance 7 
in a channel 1 m. wide, with a view to ) the measurement « of irrigation, water 
in Egypt. At the same Institute, another advanced student under Professor 
_Meyer- Peter was studying the formation of rollers and the hydraulic 
id jump in the discharge through submerged gates. At the University of Delft, 
progress under Mr. ‘J. Thijsse to show the nature of the 
discharge to be expected over the partly completed “dikes of the  Zayder Zee 
flood ‘tides. These dikes are really broad-crested weirs of a 


somewhat ‘similar to that of the railroad embankments mentioned 


progress in any of the thirty hydraulics laboratories visited. However, 
European hydraulicians : are of course well. acquainted with the problem. 
fact, as Professor ‘Bahkmeteff points out, the theory of the two stages of 

of flow at eritical depth, we was s developed at nearly ‘the same time 
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A DISCHARGE DIAGRAM FOR. ‘UNIFORM | “FLOW 


“Murr Bu ANCHARD," * M. Am. Soc. C. E. (by letter). writer 


"gratified and pleased ¥ with the discussions of his paper. ” They contain sug- 
gestions to simplify the procedure and indicate n numerous uses that have 
been made of the principles and theories involved. The arguments relate to 


_ the: different features ¢ or steps in the derivation of the discharge diagram and 
“uses, and will be treated separately. alt sted 


The Base Curve —Mr. Macphail proposes a. substitute curve of K, referr ed 


discharge, ‘to be used as a base from which, by Equation (2), 
obti ained the curves of the discharge (Fig. ny. he base curve 


derived from Equation (2) transposed to, 


“a ‘a _ General Pillsbury proposes the same curve in different terms. His is.a_ 


eurve of 1-ft. fall (Pig. obtained by F unity in in ‘Equation (4), 


Mr. Perry uses the (2)), as the others and 
‘chtaine a diagram of K curves referred to discharge and ‘fall vie ‘hese are, 


| 


in effect, a series of base curves, but the procedure is lengthened by the | 
“necessity of determining the values of (A), a nd (R), in order to obtain 


a8 discharge corresponding to a given stage and mk 


Mr. Matheson does not “state, but in “correspondence with the writer he 


= revealed, that his method, developed about 1915, makes use of the ‘1-ft. 


_ Nore.—The paper by Murray Blanchard, M. Am. Soc. C. E., was published in January, 
2082 Proceedings. Discussion on the paper has appeared in Proceedings as follows: May, 
1931, by Messrs. Lynn Perry, J. B. McPhail, G. B. Pillsbury, Lynn Crandall, and Benjamin 
E. Jones; September, 1931, by A. J. ea os ; and November, ail 


Standish Hall, and Ray BE. Mackenzie. 
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January, "BLANCHARD ON ON A DISCH ARGE DIAGRAM 


_ order to note any inconsistencies, is not considered by the writer as a neces- 

sary step because at any elevation all the observations, if. they gave true 
discharges, would reduce to the same ‘quantity. bi Comparison of these figures 
_ will enable one to detect any inconsistencies and will permit the elimination 7 

of abnormal observations. The arithmetic mean will give the best deter- 

: ‘mination of a a point on the base curve. 2. The points plotted to > determine the 
eurve of Fig. 9, as well as the the points : for the base curve, Fi Fig. . 6, are groups or 

4) The. K and the unit-fall base curves are the same.as the writer’s 1.0- ft. 
curve of fall in Fig. 7 and, as a slightly shorter operation, he would _ suggest ran 

substitution of Fig. 9 for Fig. 7. The resulting will 

th The Chea y Formula.—The references of Mr. Perry to the formula 
do not appear to be pertinent to the method adopted i in the derivation of the 

? "discharge diagram for the reasons stated in the paper, that, , “for a single 

7 stage | under consideration the factors, (A), (C), (R), and (L), are constant” 
and are ‘eliminated i in the derivation of Equation (4) + or Equation (5) from 

Equations (2) and (3). If Mr. Perry:'‘chooses to use his diagram (Fig. 8), 


the writer would ‘suggest, for the determination of C, the Manning formula 


= the Kutter formula with the s terms omitted, _ which | gives practically the _ 
same results, as proposed“ by H. W. King, M. Am. Soc.0.E. 


In the Chezy formula, A BS, the factors, V, C, R, and S, are the 
means for the reach under consideration. Because the discharge is often 
measured at an 1 end station, the velocity or hydraulic. radius. at this end 


station is frequently used as if it were the mean for the reach. q Such an 


approximation will ordinarily give satisfactory 1 results, as in Mr. Jones’ 


Normal Discharge. —This i is a term of general usage that serves a useful 
purpose i in the investigation of certain stream flows; but tit is not for the 
general application that is sometimes given to. it. It has been "explained 
as th the discharge at a Stage which, would be caused of that is the 


a flood stage. should be Tebeled “normal,” and the ‘period. 


of record and average slope used ‘should be noted. Mr. J ones states, in 
ee, to the Hall-Pierce method, which is based on Equations (9) a and 
(10) how “ ‘the true discharge was obtained by multiplying the ‘normal’ 


"charge by t the factor taken from. the table.” implies that ‘there i 


only one true discharge for a stage, whereas, there - may be a a very large range — 
of true discharges depending on the slopes: that obtain. In other words, the | 


Pierce method i is applicable only on streams to which the rating curve 


and not where there is such a, range of slopes at various stages that. 


Hydraulics,” by King and Wisler, {1922 Edition, p. 190, and “Handbook 
‘Hydraulics,’ by Horace W. King, Second Edition, 1929, p. | 
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axa is necessary. The ‘situation on. Tennessee River, at 
- Chattanooga, which the ‘ ‘normal” stage method was designed to meet, is one in 
which the discharge e diagram: can be used ‘to obviate necessity of 
___ Reference to Other Than . Mean Stoge—The method of Mr. King, to which : 
Mr. Jones refers, and that of Mr. Crandall, wherein’ discharges a are referred 4 
to the stage at one station instead of the mean elevation | of the reach, are 
approximate methods, but with | considerable field of adaptability. tid 


writer has similarly used discharge diagrams, referred to a station at the 


end of a reach, to advantage in studying flood flows of the Lower Illinois" ois 


= The , approximation ¢ comes in the assumption that the stage at other | 
than the mean station varies as the mean stage. This assumption does not 
hold i in a case in which there is artificial regulation above and below | a reach, © 
and d hence it does not always follow that, for a a single (other than mean 
station) stage under consideration, the factors (means for the each), (A), 
Application to Back-Water Computations. — Mr. Mackenzie has made 
- application of the stage-slope-discharge relation to the determination of the _ 
_ back- water curve. He applies it to the condition of a stream in n which 
¥ there is only or one discharge corresponding toa ‘stage. A calculation can be 
made that would be applicable open channels, by a “cut and try” 
_ a method with the discharge diagram. Thus, 1 referring to the Chicago Sani- - 
; tary District Canal, for which there is no established rating ng curve—and u upon S 


_ which the experiments were made that were used in this paper to. demonstrate _ 


BLANCHARD. ON A DISCHARGE DIAGRAM 


the derivation of the discharge diagram—the following i is an example, using - 


Mr Mackenzie’s notation and Figs. 11 and tate 
The problem is as follows: While flowing 8000 cu. per sec. in 


reach from Willow Springs (B) to Lemont (A), , the water surface i is raised 


7 to — 4.85 at (A). . What will be the resulting water surface elevation at (B)t q 


% 

From Fig. 4,or Table3,hm = —5.04 toi — 4. 


‘fall, added - hes | gives — 3. 85, the required ‘elevation. 


el { Rating Table. —As | stated by Mr. Mackenzie a rating table may be desir- 
al able. In Table 3 3, note that, in each stage column, the discharges, 8 000 mir se 
“per sec., are the points where ‘the base ‘curve (Fig. 6) intersects the “fall” lines” 4 
at 0.5 to 1.2 ft. The stages thus obtained, — 0.90 to — 6.73, "were as 
convenient elevations along which to transpose the discharge: stage- slope rela- 


tion.’ If Fig. 9 is used instead of ‘Fig. 6 for a base ¢ curve it would be ell 


convenient to use the « even foot stages, —10 0. 
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Discharge Diagram.—From the variety of uses that can be. 
made of the 2 discharge diagram it would appear, generally, to be worth the 
effort to develop. General Pillsbury has suggested that the base curve 
(Fig. 9), i is sufficient and that, instead of developing the disdewes in, 
&. he would calculate fr from the curve, for given aote,-# the discharges as. as required. — 
‘The » other extreme is taken by Mr. Mackenzie would construct the 
and from | it make a table. with 


TABLE -Rarme Tai ror DiscHarce Diacram (Fic. 


DiscHarGe aT Stace (EvevatTion Betow Cuicaco City Datum), 


66 


3.. 


140 
660 
120° 
540 


i 


I. 


7 


produced,” several | years a of discharge referred to the eleva- 


‘sive application. His suggestions as to precautions to be in ‘making 
_ discharge measurements for this purpose are pertinent. = = | 


at 


_ _16“Ffydraulics of Chicago Sanitary District’s Main Channel,” Journal, Western Soc. 


» 
— 
a — 
e writer — 
— 
t — 
5 | —5.04 | —5.73 
e 060 620 ay 280 4 000} 3780| 3580| 3 420 260 
6200} 5660] 5240) 4900] 4 4380} 4180| 4000 
7260] 6 540 050| 5660) 5340/ 5060| 4 830.| 
8.000] 7310] 6760] 6320} 5960| 5660] 5 400 
a —-0.6.....] 8770] 8000) 7400} 6940| 6 540| 6200} 5900 
— | 9 460 $650} 8 000 7480) 7050} 6700| 6 380 
10 110 240 8 540 | 8000) 7 550) 7 160 820 
10 750] 9 800] 9150} 8480) 7600} 7230| 6 92000 
n  1.0......] 11.300} 10 300] 9 640] 8 950 8440} 8000} 7620] 7310 
1.1......] 11 890} 10900] 10 000 | 380} 8850; 8400) 8000| 7 650 
1.3......] | 11 700] 10900] 10 200 9 600 110| 8700} 8 
| | 11300] 10600] 9970{ 9470] 9020] 8 650 
10320] 9810} 9350| 8990 
a | | | 11 800] 10660] 10120]. 9 650| 9 250 
d | | | 11060] 10.400) 9°950| 9 540 
a- 
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Discussion 


M. Am. Soc. C. (by letter). The hhave 


“made a of many fundamental principles and considerations 
related to stream flow, and have attempted a somewhat rigorous” analysis, 
evaluation, and ‘correlation of various factors for practical use. So much 
Q of the textual treatment is commendable and beyond challenge that it is with 

_reluetance that the writer registers minor exceptions or divergent. views. 


‘Having deliberately repeatedly approached _the subj ject run-off, 


earning the derivation and critical tests of the best-known formulas, 
with | an open mind, ready to accept or to reject a any and all according to 


practical results within. the fields for which data are available, he is 
unable to concur in either Considerations (1), (2), and (3), under “Empiri- 
eal Formulas,” or Statements (d) and (e) under “Inadequacy ‘of Empirical 
- Formulas.” “ > Do they y not a actually express the > summation of all the influences _ 
mentioned i in the paper under discussion, based on observed behavior instead — 


of on a priori reasoning? While according an important place fe for the profit- 


able application of the so-called rational method of analysis, one must like- 
wise recognize its” ‘inherent limitations, disadvantages, and defects. Where 
detailed information is lacking on extensive water- sheds, the ‘empirical 
formulas and high-water marks of past years will doubtless continue as the 
main reliance for purposes of design. . Before the requisite mass of data can 
possibly be collected regarding physiography, topography, soils, channel char- 
= acteristics, and rainfall habits, there will be many occasions for measuring 7 


the ‘stream discharge and ‘some part o the precipitation that preceded the 
 &The storm | causing the greatest rate of discharge in a storm sewer will 


usually be the maximum rain lasting a length of time equal to the time of 


_ NOTE. —The poner by R. L. Gregory and C. E. Arnold, Associate Members, Am. Soc. 
: co) ., was published in April, 1931, Proceedings. Discussion on this paper has appeared 
in Proceedings, as ag ot an ’ September, 1931, by Messrs. Le Roy K. Sherman, Francis © 
Bates, and  B4 Raymond, Jr.; November, 1931, by Messrs. Reginald _A. Ryves, 
g. _§S. Tapley, I. Hicks, John M. Kemmerer, Carl 'H. Reeves, Leonard L. Longacre, 
H. Hickox ana Donald M. Baker; and by Albert R. Arledge, Assoc. 
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7 concentration” is the original form of the statement published” by Anson — 
Marston Past-President. Am. Soe. BE, in 1909, which has had great 
influence in , guiding recent investigations. It obvious that detailed 
analyses and tabulations are facilitated by convenient assumptions that 
‘been added to maximum | uniform intensity” and, also, equal 
distribution over” large water- -sheds_ during the time of 
centration ; but those e assumptions are largely contrary usual rai 
habits, extensive drainage areas. Neither. ‘is ‘the maximum 
of run-off hecessarily the result. of simultaneous contributions from 
parts of ‘the water- ‘shed. — ‘Iti is more likely the result of a an intense down- -pour . 


and concentration from a considerable. portion, Ww hile much of the remaining 


oo keeping with the name ‘usually accorded, the rational method should 

exclude such an expression for rainfall intensity as appears in Equation (2), 
which is capable of bringing forth absurdly high intensities for very short 


a oe of time. _ Evidently, a constant should be added in ‘the denominator 
to make it a safe factor as in Equation (45 ). seer Meyer M. Am. Soc. aan 
J 


E has recommended, 


‘in which, both A and B are constants.” ae ‘Furthermore, the introduction of N 

aS a constant, based on a chance relation of certain variables within restricted 

range, may account for larger errors or irregularities than would be con- 


templated from Equation (18); for, in Equation | (32), ‘both: the constant 
and the - percentages are squared, and this would more than double the posi- 


tive ‘errors ; for example, 1. 10° x 1. 10 = 1.21. . Also, the varying channel 

sections, gradients, and velocities to be found i in practically all natural drain- 

- age systems are quite ‘contrary to the assumptions of the authors, who seem ~~ 
to be carrying the storm drainage conduits throughout the water- sheds under | : i 


consideration. Otherwise, it is almost | inconceivable that such velocities as 


298.3 ft. per sec., or 19 miles per. hour, would. occur with the ‘slope and dis- 
seems to be contrary experience that the instantaneous discharge 
a given ‘station should - vary directly with the length of travel. Perhaps: 


: “the total quantity bears” such a 1 relationship ; but the increased time of travel 


affords to smooth out the flood crests thus: increasing channel 

st torage, underflow, and period of high Ifa dimension is” 
de 

to have a more basis for pt as demonstrated 

The discharges of 1006 and 1 069 ft. from | anne ‘sq. miles, as as used in 


‘Examples 6 and 8, respectively, are. - equal to 7. 1% and 7. 5% on the Myers 


scale” ; which the 59 740 and 62 003 sec-ft. free 500 sq. miles, as disclosed in 


Cyclopedia of Civil, Engineering, Vol. VII, 1909, p. 305, “Sewers Drains.” 
“Elements of Hydrology, Precipitation,” 1928, p. 103. 

: a. “A New Theory of River Flood Flow,” by Charles R. Pettis, M. Am. Soc. C. EB. a 

, Am. Soc. Cc. E., ‘Vol. p. 
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Examples 7 and 9, represent 26.7% and 27. 8%, respectively. ‘Taking into 


account the time required for a reliable ‘solution by small increments from 


- individual : areas, the many estimates, assumptions, and uncertainties involved q 
the acurate knowledge of the water-shed topography, geology, soil character- — 
istics, and rainfall habits, that must be in hand for reliable results, and the — 
involved factors and nomenclature required for the method eel 
the paper, it appears — its special field for usefulness is in urban and © 
"metropolitan developments. — To o the writer the best of the empirical fornidles | 
better adapted to large a areas and to the determination of run-off. there- 
; from; and they seem to have fully as valid a claim to the —— 
adjective as has been shown for the “rational formulas” under discussion. — 


It is ‘significant that the expression a by the Committee on Floods: 
of the Boston Society of Civil Engineers,” 
with the modified Myers” formula, 


i 


| - thus ranging up toa rating of 80% for maximum floods during Jong periods — 
Notwithstanding t the implication so often expressed to. the effect that 
such formulas do not take account of the shape and « other variable character-_ 


istics of drainage areas, s, the estimated effects of stich factors are readily 


- in the percentage adoy pted. Thus, with ratios of to width 


uency of recurrence “might 


‘The platting of observed run and average depths 


on the water-shed as co-ordinates, together v with detailed studies of soil, slopes, 


vegetative cover, and geology along with physiography, should afford a fair | 
ndex to probable stream flow from | a ‘given area, | or from other water- sheds — 


' “ith similar characteristics, and there is a definite and important place ‘ie 


| thy 


both the rational and the nethods of analysis. 


Journal, Boston Soc. of Civ. ‘Engrs. (1920), Vol. ‘VII, 
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By MEssrs. PAUL AND LARSON 

in 


Bauman,” M. Am. Soc. C. E. (by ‘ring support of 
large pipe lines, as outlined by the author, is a advance from | ast stand- 


The 
he 


—- he maximum stresses in the pipe shell are ‘Tikely to be higher with the 


ring supports than with the saddle supports of equal sp spacing, as in the latter 
case the distortion at the supports is less accentuated. iy The stress distribution 


in the latter case is too complex for an exact ; solution, however, and the types: 
compare statically somewhat as a beam-and-girder slab and a flat-slab system 


Longitudinal shear i is a maximum at the support: where it combines with 

the longitudinal stress and the ring stress of, the shell to a diagonal or prin- 
ipal stress. ‘Referring to the author’s numerical the shear, in 


pounds, on one side of the supporting ring is, + — = — 158 500. Hoitos 


paper by Herman Schorer, Assoc. M. Am. Soc. C. was published in 
-_ September, 1931, Proceedings. Discussion on this paper has appeared in Proceedings, 
= follows: November, 1931, by Messrs. L. J. Mensch and W. P. Roop; December, 1931, 
by Messrs. Johannes Skytte, Donald E. Larson, Raymond J. Roark, and KF. W. Hanna. <<. > 
on Chf. Desi gner, Quinton, Code & ‘Hill-Leeds & Barnard, Engrs., Consolidated, on 
Received by the. Secretary November 1%, 1931. 
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DESIGN OF LINES 


“horizontal axis of symmetry, moment of inertia of the shell about 
_ the horizontal axis of but Msp 27°t; and and J = 
the maximum unit shear stress, in pounds 
s, 365. This value is checked | by 


the author’ s Equa ions" and @. iC CJ wit? 


The 1 maximum rim stress for and a rigid ring is given by Equa- 


‘ sin 


a 
which is the case for & ete.; and, since, z = 78 
ze 025, for 144 in.; ete. For x= 43 in., 


max, = Pr = + 0.0163 
Introducing numerical values, p = 100 
sq. in.; r= 60 in.; and in 3 foe min 3950 Ib. per 


iy Neglecting t the weight of the » pipe, , the 1 ring stress at x = 43 in. is not due 


to the full | pressure, p, because that is partly carried longitudinally. by hee 


action. determine this beam load: 
4 


(130) 
008 


| 
| for 
— 
— or, 
— 

— = 

Ww 
_ by 
4 
7 
wt | 
—— 


J 1 98 


= 


or, = = 0.208 p. This a stress, 


on s= 0 


x 30 — 4.75 — 
| 
In the plane of the neutral axis the longitndinal stress 
in, therefore, s = +3 320 lb. per, “sq. in. fro = = 
in. = 62; and f; = + 8 250 lb. per sq. in, = 


The he principal st stresses are: 1/4 (3 320)? 12 200° 


? 


90 Ib. per all in. 


=0: = 8 290 + 4 (3365)? + 16 = 240 ey. 


which is still only 74% of fit foo which oceurs on ‘top of the shell et the 


Equation (29), properly modified » permits determining the elastic 


which, K’ = 1.82 Fur 


= cos — sin= dx 


ein 


zl ez sin 


é 
—— 


sin | 


pes 7 The latter is the critical tensile stress which is economically met 


thickening the pipe locally as suggested by the author. 


ov il 

ds | 
| 
wa 
At 

= + 6 940 lb. per sq. : 
rf. he unit shear stress, s ( = + 3365 lb. per sq. in.), is combined with — 
0) 

0) 
: 
31) 
— 
32) 
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BAUMAN. ON DESIGN 


0; and C,= + - =. Thus 


‘sin (24+ 


using the as given in the 8 example, a line as 
shown in Fig. 2 22, results. As continues to grow, the term w ith e~ 8 
proaches zero and y approaches the ring distortion, The loading, 


per unit area is shown i in Fig. — 


The li 


matt 


readily be found graphically or. _analytically by means of the ellipse of 
4 elasticity, a as previously shown by the writer.” 


problem is particularly simple, because the ellipse of elasticity 
this case is a circle. Due to symmetry, it is sufficient to consider one-half — 


only, either left or right. As /a boundary condition, Reaction A or 
+B must be tangent to the line of pressure. 


’ 


> 
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Transactions, Am. 


ne of pressure of the statically indeterminate supporting 1 ring _— i 
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and the condition of least work i is, nd 


3% Since nce oM M 


ydl=0 


.(143c) 
and axes go through the center and are axes” of 
y dl — -X, J ¥ d=0. 


[vaso (144) 


_ Since the 2 


which check Equations (31), | (32), an id (33). Ln re hae, — 
: The: total tension in the supporting ring is given ‘by Equation (30), or, 
in general terms, by Equation (19). This is only approximately correct as 
the ratio between the outside and inside diameters of these rings may vary ¥ 
quite considerably from: unity. The tension is” then no longer. uniformly 


- distributed over the cross- section, but has a maximum intensity on the inside, 
and a minimum on the outside, of the ring, 
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LARSON ‘ON DESIGN OF LARGE PIPE LINES Discussions 


_ If ri is the inside radius; ro, the outside radius; and p’ = = pe +2 H; ‘then, 


as 1 125 Tb. per sq. in., or an 


increase of 10 per cent. 


‘The a author’s formulas are applicable to flanged pipes of small ‘shell 

‘thickness, 
_ For penstocks on steep inatines the weight component in the direction of 


‘the axis must be introduced. It produces a tensile stress ‘the pipe is 
anchored on top of the incline, which i is a desirable arrangement. The expan- -_ 
sion joint: is then located either at the bottom of each run or immediately | 


below the anchor point, depending o on its type. 
tures should be made an ou outstanding task by a all designing engineers. hav. 4 
The author has s again 1 contributed to ) the clarification of statical systems 


and deserves the appreciation of his colleagues. 


Ld. Larson,” Assoc. M. Am. Soo. 0. E. (by letter), “This interesting 


‘paper gives a a concise analysis | of the « action n of a thin-walled large pipe sup- 


ported by ring girders. It also indicates, to a striking degree, the 1e advantage | 
that may be gained by supporting a structure so as to carry the loads by — 
direct, instead of bending, stresses. The dead- load stresses in a a thin pipe 7 
improperly ‘supported, may be greater than those due to the pressure 


Referring to Equations: (4), (5) , and (6), it is interesting to note that 


all the unit stresses obtained by dividing e ach by the shell thickness, , are 
_ independent of the thickness, since — is the weight per unit volume 3 the 
material in the pipe. 


Taking the weight of as 0. 283 3 Ib. per | cu. the maximum v: val ues for. 


‘the unit stresses are: 283 r; 2=0. 983 L;a 


oa unit ring stress obtained 4 from ‘Equation: (4) is particularly striking 
when it is ‘compared to the bending stresses in a similar pipe without ring 


girders, supported continuously along the bottom. — Using the values assumed : 
Research Engr., A. 0. Smith Corporation, | Wis. 


fl 
** Received by the Secretary December 3, 1931. im 


— 
an 
instead of, f, = —— = 1020 lb. per sq. 
pc + 2H = = 9204 lb. per sq. in.; r; = 60 in.; anc 
tf = 72 in. Then 
| pir 
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J 

by the under ‘and Applications, the ring to 


load is equal to: 283 60 = 16. 98 Ib. in 


ending 5 or 36 000 Ib. per sq. in. 


While it is true that this’ bending stress can | be materially reduced by sup-- 


= the pipe on a larger area, or along ‘two | lines at the ends of the hori- a 


: “rontal diameter, still the stress will be proportional woz —, and large, thin 


ies will be subject to high stresses and considerable deformation. ae a 
In the derivation of stresses in the e pipe and the supporting ring, the 
- author assumes that the shearing stresses in the y pipe are applied to the ring. 
it would be of interest to know to what extent the results are affected if 


the ‘Ting is attached to the pipe only at intervals and, also, if the ring is 
not attached but fits the pipe snugly. ae The amount of slip « or relative e move- 
ment between the pipe and the ring, necessary to relieve all the shearing 
- stresses: may be \ very small, and if such movement occurs ‘the 2 ring will act 
as if it were ‘unattached. . The ac action of a loose 1 ring “may not be s serious - 
unless: it changes the entire state stress in the pipe and invalidates: the 
equations developed Le the author has made | any analysis be based on a loose 

Tn the application of the author’s equations to tanks ks it v alse be of 
interest to know what extent. ‘the usual | type of convex, “ dished”. heads 
act as ring girders. - i. Such heads are not as stiff as flat plates i in the radial — 
direction, they will withstand a considerable radial without 
collapsing. As far: as the head itself is concerned it could probably 

| : used as a disk or ring - girder in supporting a tank, but, it is a question : 
Whether the small movements or deformations ‘permitted in the shell by 
such a support are sufficient to change the action of the entire ‘shell in 
ire sisting the dead and live loads. If the author can show that the theory 
holds for tanks with various types of of heads, his analysis will find 
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be watched with great interest. It is a hopeful sign that he permits engi 

- neering problems ‘to. control the trend of research in soil. mechanies, for only | 

in that way can the practical observations collected in the field of construc- _ 

tion be tied into the same network of on 


soil or any material i is greater than that of pure w 
fact applies even to such suspensions as freshly mixed concrete. The | pres- 


sures are in direct proportion to the specific gravi ities of the suspensions, Ine 


~ other er words, as s far as engineering data are concerned, suspensions are liquids 


d follow the laws of liquids. Large-scale experiments by Professor E. B. 


- Smith and by Shunk on concrete pressure, and work by Résal on clay fills, — 


nd La Habra Dam Commission on mud, give results ¢ on yarious 


an 
materials which check the theoretical values. a 


The tests developed for. the ‘various consistency Timits may result 
distinguishing and classifying various soils. . However, the 
__ writer cannot see any value in the definitions of the limits, as given in this 
a paper. For example, under ‘ Limits of Consistency,” ‘the author states: 
“All the limits are “expressed in terms of water content, that is, Ww weight of 
water per unit weight ; of dry soil.” How is the unit weight of dry soils to 
be determined ? 2 “What packing or loose co condition « can be ‘taken, as a a standard, | 
so that all experimenters will agree on a unit weight for any g “given en sample? — 
A more serious objection, in addition to this one, applies to the definition 
“of the shrinkage limit as given in ‘Equation (1). Itisa fundamental check | 


in ‘mathematical analysis of phy sical phenomenon that all equations must 


balance in dimensions. The definition ‘Tequires the shrinkage 1 limit value 


hae, NOTE. —The aper by Glennon Gilboy, Jun. Am. Soc. C. E., was aaaune at the — 
meeting of the Structural Division, Boston, Mass., October 10, 1929, and published in 
October, 1931, Proceedings. “Diseussion of paper has appeared in Proceedings, as 
follows : z December, 1931, by Messrs. J. C. Meem, and H. deB. — 
by the Secretary November 25, 1931. 
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to be that i is, a pure number or ratio to weight 
, both di divided 


“by weight, a and represent defined. ti} 


- — studying the permeability | of soils, it must be pointed out that Equa- 
tion (3) is true only if: (1) The soil is entirely saturated: before any reading 
is taken; (2) the flow through the soil sample is ‘constant under constant 
pressure, that it is not clogging up or washing out; (3) the value of the 


¥ constant, i is independent of the pressure head, h; and (4) the temperatures 
3 ; of soil and water ; are the same. A v very fine discussion of the variables co 
trolling the flow water through earth has been 1 given™ by John 


“andi ‘The further data on the compression, tension, and shear values of soils 
add to the ‘store of knowledge started by the very earliest experimenters — in 


‘soil physics. It is these functions of a as soil 1 which distinguish it from the fluid . ; 


The author’s statement under “Research in Soil Engineering,” to the 
effect that, “corroborating previous evidence, the tests showed the 

settlement under a , given unit load, not too near the ultimate, is practically 

independent oi of the size of ‘the loaded area,” ’ is interesting if it can be Fa 
proved, even for sand. is the writer’ impression that, from recent obser- 


site has been the general trend. Tt is hoped that a detailed description of 


facts: from \ w hich this conclusion is drawn, will be presented. ver arive 


_ The work on lateral pressure on walls has been of ‘special interest tot the = 


writer. The report of the experimental, work performed for. the New Eng- 


Power Construction ‘Company to which the author refers, is” 


complete ‘enough t to be conclusive. “Apparently, the results reported,” 


a great number of tests have been performed. ‘It is hoped that a report a 


R. JAHN,” Assoc. Am. Soc. E. (by letter), —This ‘Interesting 


paper by Professor Gilboy shows the amount of careful sade and the number 


of mechanical devices needed to produce complete information concerning the - 
‘properties of soils. ‘The writer was particularly interested in the: 


short deseription of the hydrometer ‘method of size sis and feels that it 
ry work 
and ‘analysis, ‘The. author has wisely out that accurate 


of size distribution is not vital: to soil “mechanics, | since other 
factors a are of such importance that size » analyses give ‘only a rough indication 

of the properties of the material. Tf he has found a method of making aceur- | 


ate. analyses, however, it. would be of interest to many laboratories that are 
# “Physical Properties of Earths,” Bulletin 101. Iowa Bng. Experiment ‘Stati 
Engineering, May 30 and June 13, 1930. ‘wot G ait 


Received by the Secr etary December 5, 1931, low 


vations of existing § structures as w ell as from experiments, exactly the oppo- 
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194 JAHN ON SOIL MECHANICS: RESEARCH, Discussions: 
attempting to make determinations, It would also be of assistance ‘en 


ratories in other industries which depend on fine comminution, such as the 


* sliming of ores, fine grinding of paints and pigments, cements, inks, , ete. oA ol 

‘The writer feels that the Bouyoucos ‘method , with some of its ‘improve- 


“ments, isa useful tool for engineering information, but that it has inherent | 
faults which will ‘eliminate its use if accurate information is sought. These 


faults are fundamental, as will be brought out. tow 


_ The hydrometer i is shown at the left in the author’ ’s Fig. 2. It consists of : 
an enlarged bulb portion with a 1 weighted point and a thin stem with gradua-_ 
tions, and at the level of submersion it. registers the grammes of suspended 4 
matter per liter of liquid. *» known weight of sample i is thoroughly defloceu- 

lated and diluted to a known. volume in the test cylinder. e At various time . 
perins after the start of the analysis the hydrometer is lowered into the © 


eylinder and the decreasing densities of the system give the data from which - 


the size > analys sis of the sample is computed. Stokes’ law” is used to deter- 

the size of particle which will fall from the surface of the liquid to 
“eritical | depth point on the hydrometer in the observed time, —¢, and ‘some 4 
quantitative method is used for the ‘mathematical analysis.” | 


following faults. in the hydrometer method are apparent: | 


a (a) With its: irregular shape and hydrometer does not 
have’ a bottom level, refer ‘the amount of fall 


te its bulbous shape, is given to. density 2 


the suspensoid opposite the region of the enlargement. om 
The hydrometer must be withdrawn after each observation to avoid th 


, “deposits on its upper shoulder. This causes turbulence, with an ‘indetermin- 


‘ate translation of particles, 
 @® The meniscus on both the cylinder and the hydrometer at the level of | 


the liquid prevents: lose reading of the ‘scale unless: other means, such 


(e) Unless corredtion is made, an error of considerable magnitude 


remain in the analysis because of the settling out of of particles smaller 
> than the size determined by Stokes’ formula, which have fallen beyond the | 7 


_hydrometer, from their initial subsurface positions, that is, from less than 
the full depth. If the semi- log graph of “the 1 hydrometer reading ” plotted 


{7 


logarithm of “the | elapsed time of settlement” is "straight, 


error will be constant throughout, ‘but if the graph is curved, as is usual, Sl 
the error will be variable i in the different size classifications. ah om 
. 'oe Corrections for all these faults, except (c), are being made in the labora- =z fi 
tory” of Charles H. ‘Lee, M. Am. Soe, C. E., t to adapt the hydrometer method 
to a more accurate size analysis of fine-grained engineering material, such as ; a 
‘muds, soils, ete. Fault (e) is being corrected by a modification of Rubey’s 
_ method” " adapted to semi-log graphs; Fault (d) is avoided by arranging a yy 
_ % Transactions, Cambridge Philosophical Soc., Vol. 8, p. 287, and Vol. 9, p. 8. a. = 
ae “The Hydrometer Method for Making a Very Detailed Mechanical Analysis of Soils, dl < - 

Professional Paper 1654, U. 8. Geological Survey, p. 25. 
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2 nated, ‘but j is minimized by very careful nitetiniaihde and Faults (a) and (b) 
are corrected by a calibration method i in which the errors are grouped and 
the correction factor ascertained by control tests, , using a similar cylinder, ay 
but having a parting plane of separation at the lower limit of the hydrom- _ 
eter’ subsidence. Its purpose is to establish the actual average density ‘of. 
the : suspension 1 at the instant of reading the hydrometer. The depth of the | 

ing plane being known, it is possible to obtain a correction curve to con- 

hydrometer 3 readings into average densities of a standard height of 
column at the same instants. These calibration corrections will have to be 
__ established for e each class of material or until ‘its character can be anticipated. 


The corrections are not. constant over the : range of the analysis, ‘but have 
varied, qnatatinng te texture, from 0 to 12%, within a period of a few minutes — 
During the fall of 1924, the writer was method of making an 
size analysis, using an adaptation of the Oden method™ as developed 
at the University of Upsala, at Upsala, Sweden. © This method weighs the 
of sediment on a scale pan, suspended from a balance and situ- 
ated near the bottom of a test cylinder. At the Soil Technology Laboratory, 
of the University of California, Professor E. V. . Winterer had assembled a 
- well- designed ‘apparatus for weighing the e sediment and recording the time 


accumulations. it had close thermostatic control 


was” found to be in a in that 
the particles refused to fall vertically, but migrated away from the center 
line of the cylinder, that is, horizontal laye ers did not have uniform distribu- 
tion of suspensoids. Errors « of from 10 to’ 35%, all of under-r registry, were. 
found, and experiments with cylinders of glass, metal, rubber, and wood d and 
having electrical charges of from 1.5 to 30000 volts pence thereon in 

_ various combinations, were found to be ineffectual. The cause of the trouble ~ 
was finally decided to be the « electrostatic repulsion of of particles away from 
the center: line of mass of the test cylinder » with concentration at the side 
walls. The method was abandoned as unreliable, and rather ‘definitely disposed 


of sedimentation methods “safe on a ‘collection of particles i in fractional 
The writer feels ‘that a more elaborate ‘method of the changing 
suspension densities offers a solution of the problem. While the hydrometer_ 
_ method i is unsuitable for exact laboratory work, its objections or faults can be 
met i in an apparatus in which a rod of uniform cross-section is suspended toa 
fixed level. in a sedimentation cylinder and instantaneous records: of its 
apparent weight are found by its being hung from one arm of a sensitive 
balance. As th the suspended matter in the liquid settles: out, the apparent 
weight of the rod will increase. The time rate of change in» weight may ybe . 


by noting the times at which a given weight is equalled, electrical 


= 
Proceedings end Papers, First International Soil 1 Science, by Charles 
Shaw and BE. V. Winterer, June 138-22, 1927, Vol. 1. 
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contacts on the balance a the instant. A “magazine can then relea 
a known weight increment ‘upon the opposing balance pan, the balance will 


“swing back, and a new time interval will be recorded | following sufficient — 
change in density. . The vertical | travel may be kept less than a millimeter, | 
by the use of stops under the pan or arms. 
-. The proposed apparatus would avoid Fault (a), by having a constant sub-_ 


“siding range; Fault. (0), by having : a truly cylindrical body; and Fault (c), 


by not  Mebeiidals the rod after the test had started. Fault (d) would not 
exist, and Fault (e) could” be avoided by Rubey’s graphical, or Oden’s mathe- 4 


“he ‘ The falling range e for subsiding particles will be the . distance from the | 
“surface 0 of the liquid to the lower end of the rod. This fact was established 
by the writer during the 1924 work. It was found that a cup submerged in 
clear water, carrying suspended material, registered its computed weight when 
bottom was: impervious, registered only the weight of the 


‘resting: on the bottom of the cup, when an aperture was s opened therein. The. 
change: in weight was immediate and indicated that that weight was “trans 


mitted as a pressure due to frictional | effects on the falling particles and not a 
as an increased st suspension density which would h have affected the weight 


“suspended rod: will be acted upon vertically upw ard dy all the 
suspended matter above its lower end and by n none <i of the m matter that has 


An automatic data- recording device is desirable to avoid the anit of close 


personal attention during 24-hour runs. The weight increments should be no 
larger than i is necessary to bring the balance back promptly. | In the 1924 work, | 


‘small steel ball- bearings weighing 0.05 gramme - were found to be uniform - 
weight. _ They can be discharged upon the balance pan from a magazine 
actuated by the s same electric ¢ current that marks the s swing z of the balance. 

‘The w writer regrets” that he has not had an opportunity to. experiment 1 with 
‘this apparatus. Inasmuch as } he believes that other devices | have failed to give 
- much more than approximate results, this i is suggested ; as a a possibility, with Z 

‘ the hope that some dependable analytic procedure can be developed. If such 4 

procedure were found, it would then be possible to compare | less elaborate 


analytical devices, ‘such as Bouyoucos’ hydrometer, to determine the extent of 


their reliability and establish calibration corrections thereto. 
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AMERICAN “SOCIETY OF CIVIL ENGINEERS 


IS c US S TONS 


“CONSTRUCTION WORK A FEDERAL 


By MEssrs. EDWARD W. BUSH, AND ORRIN PILKEY 


W. . Busi Ay u. Soc. C. E. (by letter).’ “Near the end o of this 
paper, ‘under “Construction Ma anagement,” the author 


construction costs makes the statement that: weal 


iar “It is difficult to understand why one contractor should receive 100% 
3 ‘iol payment per unit than another operating on the same work and oe ; 


the same that the system of bidding is 


he writer offers the suggestion. that pro bably the g 


discrepancies “were > caused by he vontrac tors 


increasing the 2 amounts on items which was thought might be 

4 in quantity and, at the same time, decreasing the prices other” items’ 

Ww hich might be decreased in quantity. ye Competitive bidding is not to | blame | 


for r the diserepane’ es mentioned by the author and, i in “most ¢ “cases, 


a is thought that most engineers expect a certain amount of un niall 
4 unless they i ine ‘lude i in the set-up items like installation of equipment, organi- 


zation expense, over-head, pumping, coffer- dams, etc., which often are real 
items appearing the estimate of the bidder and which he naturally 
“desires to load on to the early items if this is possible. «At is not unusual © 
to find items like ‘foundation excav: ation running from $6 to $10. per cu. yd, 
provided a coffer-d -dam not ot elsewhere paid for must be built before the ‘ ‘pay” 


yardage work is started . In general, it is to be expected that, whenever the 


_Notr.—The paper by Morris Mason, Jun. Am. Soc. C. K., was published in October, 
1931, Proceedings. Discussion on the paper has appeared _in Proceedings, as- wee. 
December, 1931, by John Sanford Peck, Assoc. M. Am, Soe. C, 


Aetna Casualty & Surety Co., Hartford, 
Received by the Secretary December 2, 19381. 
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FEDERAL REC LAMATION PROJECT cussions 
engineer earefully analyzed the work to. be done and has set up plenty 


of items so that each part ean be bid ‘separately, rather close bids will be 
received from the 1 really ‘contenders’ for the job. nt 
The defense against th gross unbalancing of items th: at might be 


increased diminished i quantity is found in making suc thorough pre- 
the site or in in working the “details: of the: 


and then lack sufficient with preg to the contract. 
on which the unbalancing occurred. _ Another interesting fact is that + during 


the first ‘part of the work the owner 1 may. be his own money’ a as 


a 


A 


~ 


Even if the bid are a sum, it is the price 
that interests the owner and is considered when making the award; and if. 


the case has been carefully prepared for bidding t the totale coming: from the 


and only vary no ‘two persons: are apt think alike on 
probable cost or the aaeenia of profit to be added. ' The average bid seldom 
has the importance frequently given to it, “because there are generally 


‘number of high bidders w ho only bid because they were asked, or they “a 


ho lack an available plant: or organization, o or possibly a “seasoned 
_ experience in doing similar work; hence they do not possess reliable cost data — 
therefore, bid high. Some high bidders are supplied with enough 
eurrent work to keep them fairly well occupied and desire another 
contract if it can be ‘secured at a favorable price 
Probably in most cases: the real contenders for the contract are 
in» n the lower third or half of the bids, provided those. offering these 
bids” are experienced contractors on the class work: bid upon. C Jomple- 
“mentary bids a are generally high and many of these are offered ‘merely because 
the engineer or architect | sent ‘the plans: to the bidder. Others: bid ‘merely 
to see their names among those bidding, thinking that a certain: prestige 
obtained if the job happens to be a large one. Bankers at times will extend 
rather large credits for certified checks when it is known that the bidders” 
put i in such high prices that the jobs| will not be obtained | except at 
. "very attractive figures. It is not worth while to give too much consideration 
to the high bidders if a fairly large number of bids are offered, but. when 
judging the lowest bids before making an award ‘it is desirable to give full 
to the bidder’s « experience, financial strength, : available plant, 
- and organization ; also, whether the new work taken in connection with the 


hs 3 other work on hand will be inside ‘the volume which the contractor is con- 


* 
amount ‘of early profits and 26 
oo at a loss; he may install equipment or an organization on other subsequent | u 
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Orrin H. Pirke Jun. Am. Soc. | E. (by letter) °“— —Thi is is a 
written paper on Federal Reclamation. project, and Mr, Mason is to 
_ congratulated on the - thoroughness with which he has treated his subject. a 


Tt is interesting to 1 note ‘that ‘actual construction was begun on some high-- 


: line canals | before the S. Bureau of Reclamation | took part, but that this 

2 early atte mpt ‘resulted in failure bee ause of lack of funds. This is an 

example of the value of Federal Bureau. its greater financial 

= 

S a backing it is 2 able to undertake and complete desirable projects which 

a wise would not be attempted, or, if. attempted, would result in failure. lap 

1 One of the features of the Kittitas Project worth mentioning is | th 

t use of sa afegu: ards of sever: al types in the main» eanal to prevent accidents, 

a @ especially drowning. Just above each siphon or or tunnel intake is a creosoted 

t timber float fastened t to al- -in. guide rope. Ifa person is being swept down 

z with the current he might be able to eatch hold of this timber and hang 

e- on to it, thus saving himself from being carried through the siphon or tunnel. 

2 = If he missed the he would scarcely be alive the — 

e | In addition t to ‘the t ‘in mber there are metal ladders placed on both sides 2 

f the c: anal at the s he entrance are spaced about 

e apart: on alternate sides of the lined canal. Their pu purpose is to provide 

e egress from the canal fteell, a The side slope of 1 1 on 14 of the concrete lining» 

e is so steep th: at it is almost impossible for a to climb out when the 

Timber fences of heavy construction border the of the canal at both: 

inlet and outlet ends of the siphons, and met tal railings built. of angle 

d- ‘irons are placed around the operating platforms. aa The bridges crossing the 


- _ The author has given figures which he states indicate that the competitive 


syste of bidding is at fault. It is certainly interesting to note the great 


vi riations in unit prices paid to different contractors “operating on the same 


and under the sa same conditions. Some of the bids must. have 
 extre mely unbalanced. It is admitted that competitive bidding leaves” much 
to ‘be desired, but other methods of bidding on “public work are likely. to be a 
‘more unsatisfactory. writer would like to inquire wha at ‘the author 
recommends to alleviate ‘the faults of the competitive s Sys 


SCare, Waddell & Hardesty, New York, N.Y. 
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WESTERN HIGHWAY PRACTICE, WITH SPECIAL 
REFERENCE TO CALIFORNIA 


MEssrs, J. S. BRIGHT, AND R. D. RADER 

Bric HT,” M. A M. Soc . O. E (by letter).* ‘he author has presented 


some inte resting de velopments i in highway construction pr actice. i iZ he items 


of highway finance, stream erosion, floods, cloudbursts, s sea action, clearing - 
advance of construction, , and construction through marshes, are always inter- a 


‘We Finance. —In the eleven W estern States, as. indica ited by Mr. Pope, finance 


isa ‘a paramount. question. During: the 1928 season the Western States reported 
— total funds for State highway purposes aggregating $91 500 000. The sources 
of this sum were: | Motor fuel tax , $40 000 000; plate tax, $18 000 000; -mis-— 
 cellaneous sources, $18 500 000; and Federal aid, $15000000. 


‘These f figures show thi at the Federal Government Is contribu iting approxi- 
mately of ‘the cost tof State 1 road construction | in n this area; OF, it 


at a cost to the ‘National of 16%, the F 


more, the ‘State road users are paying about 7 6% of ‘the State’s share , through | 


licenses and fuel taxes, leaving for other State interests 


planned budget i is ‘paramount for good It cover a 
of years, , letting the improvements advance i an orderly manner, to 


® public should demand ‘that budgeting prevent dead- end projects, but traffic. 


should be served during: construction operations by betterments on existing» 


_ Nore.— —TThe paper by C. S. Pope, M. Am. Soe. C. E., was presented at the meeting of 
‘the Highway Division, Sacramento, Calif., April 24, 1930, and _ published in November, 
1931, Proceedings. This discussion is printed in Proceedings in order that the views 
expressed may be brought before all members for further discussion. 

Constr. Engr., U. S. Bureau of Public Roads, San Calif. 

by ‘the See retary November 30, 1931. 
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There is nothing fiscally in “stage” onstruction if it is prac ticed 


major purpose of serving: traffic. ‘T his “ ‘stage” construction may 
a ‘involve narrow surfaces, pioneer roi ads with short stretches of steep grades, 


concrete fords in lieu of expe nsive struc tures, and temporary oil-processed 


surfaces: on old county roads. Such oil- Processes material can be salvaged 

readily | and transpor orted to the final location. -processing ‘base 

courses for serving tre affie is also an economical expenditure where mileage: 


and short t ses SONS ar governing factors. 


Saori Erosion.—Two features of construction may cause erosion: The destruc- 
tion of forest cover and» the filling | of watercourses with large | quantities of 


to Ahi ghly areas. as. Nevertheless, the borders of all Cali- 


fornia roads have a real Vv: ralue for their scenic attractiveness. This attractive- 
ness should be capitalized and not disregarded in construction operations. a he 


iu 


wi ® he U.S. Bureau of Public : Roads, during t the 1931 season, has been adopt- 7 


s- ing special features for the protection of forest cover on highway operations 
in the National Parks. This was brought about at the insistence of the 


: 3 ational } Park Service, v which i is to be commended f for providing the 1 necessary Zz 


funds for | carrying it to a successful conclusion. sien 
his protection has been accomplished by carefully developed plans, and 


the placing of necessary “safeguards the specifications. The landscape 


engineers, on the preliminary locations, have designated the features to be: pre- 
% . These features have been carefully studied d during the location, and 


measures then adopted for. necessary protection. . T he best. protention measures 


have been full bench sections, balancing 


We! Specifications for construction in the National Parks have provided _ 
ing by stages, leaving a screen of timber on the lower side until after : the 


heavy ‘shooting has been finis ne “’ Prior approval is required for the plan of 


drilling and loading. Iti is -contempl: ated that the engineer will approve 


give the engineer, as a last resort, authority, to limit ‘the spacing of holes to 
centers, and a minimum ch: arge of ‘of 40 dyn naniite per. cu. yd. of 
0 

iaterial. Mats may also be required as resort. enalties consist of 
gathering the scattered material, the removal and trimming of injured trees, 
or, In extreme cases, closing. down the work. ‘Six contracts under these speci- 
- fications show an increase of 57% in cost. for (25% of the total | excavation. — 
The additional total cost, therefore, has been nominal. | ar 

The preventive adopted by contractors have ‘been mostly in 
blasting. Quarrying the rock cat the end faces of the cuts accomplishes 
~ desired results, but i is not adapted to an efficient program for drilling. Better 
results have been obtained by making : an initial cut. along the line of the 
upper ditch. _ This permits subse uently blasted material to fall inward, rather 
~ than over the slopes. The use of narrow pioneer ‘fills near the lower slope | 


al 


stakes has given results. This method. provides room on. the upper: 


side for dumping larg ze rock fragments, 


= 


plan on its successful demonstration over a small area. The 
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ON WESTERN HIGHWAY AY PRACTICE. Discussions 


One contract tor uses hi lf- round corruga ited al eee ‘tions for pro- 


tecting the trunks of trees. In ‘addition, the use of heavy y woven-wire, ‘guard 

fencing, strung between the first line of trees, has been proposed for for checking 4 


“laid embar mnkmente have proved and have involved a cost 
ost of excavation. Reinforced 


In eliffs, ‘the tunnel is an ideal design prevent destruction 

cover below, : and also to preve nt waste material from falling. The West has 

become “tunnel minded” ‘ although. many projects have been designed with | 
short the tendency ‘seems to be for greater le lengths. iJ No trouble has: 
been ¢ experi from engine gases: on lengths of about 1 500 ft. venti- 
lation problem in the Western « sanyons is quite ‘different from that encountered 


_ in river tunnels, where the dipping grades generally produce pockets. Tun- © 


neling has prov wed economical, the prices varying from $55. to $100 pe A = : 
a 23-ft. unlined roadway section, and from $80 to $130 per lin. ft. for line 


ay 


Advance Clearing —T he author has opened the question of clearing in 


dvance of construction. This practice accomplishes several desirable objects, 


"among which, first and f foremost, is the desirability of burning when the ¢ con- 
ditions of fire hazard are the least. It also allows the slope : stakes to be placed 


well in advance of construction operations and provides sunlight for the —— 


melting of | snows with resulting le ngthening of the construction season. erty 
| 
Construction Through Marshes The problem of construction. through 


‘muskeg or marsh is a live question in Alaska, and is there solved by ditching — 
and corduroy road building. | Logs for corduroy construction s should be 1 from a 
4 to .8 in. in diameter, and should provide a ridged platform. . A 6-in. seal of 
fine roadside material is placed over the corduroy be ‘fore the gravel'cut sub- base 

is applied. The : seal excludes the air, whie h causes decomposition. Examined 
after ten years: - corduroy roads show no signs of deca; ay w where such a seal has 
applied, but Ww ‘here gravel has been used directly on the logs the roadway 

has broken badly in. a few years, Sond 
tn planking to carry construction traffic, even over the completed gravel 
su irface, _has been found necessary. — This affords time for ‘the adjustment to 
take place. ‘uniformly, while the ditches . are drawing down seepage to a con-— 
ant flow. The ditches should be at least 10 ft. beyond the line of the 
generous” depth. hrough some areas it has been found 

advisable to construct t the ditches well in advance. . ie n general, planking will © 


| 
Conclusions. — financial budget for te abuolutdly — 


necessary, but the questions of what methods to adopt on problems of erosion, 
. clearing, | or wet foundations, : are not so well defined. These problems must be a 
"considered separately, under existing physical and financial conditions. It is 


certain, however, ‘that where scientific principles are applied with patience 
correct ‘solutions will appear, oun priate 
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the problems with which highway engineers are onfronted, 


some of them being peculiar to the Western States. 


Bice eastern half of Montana is a plateau from 3000 to 4000 ft. iin 
3 sea level and is especially subject. to so-called ‘ “cloudbursts.” ‘These occur 


during the hot summer months, and often cover only a few square miles, but ie 


as much as 2 in. of rainfall may occur in less than an, hour. Mr. Pope 
‘states that i it is the opinion of many engineers that cloudbursts 
“approximately the same areas within a ‘reasonable range time. Eleven 
years of observation of this phenomenon > in ‘Montana leads the writer to 
believe that there is no possibility of anticipating where cloudbursts will 
except in a. general way. Of course, certain large areas are more 
‘subject to these torrential rains than others, but it is only occasionally ‘that 
they are found to cover the same acreage, or that the run-off 
highways at ‘exactly the same place. of the alluvial “fans” or “cones” 
“spread out several miles i width and ur unless the highway is located along 
foothills: ‘80 as to bridge across the 1 main channels, where are well 
- defined , it is ‘difficult to control the flow so as to confine it to. bridges of. 
Montana, such an elaborate system Of "ditches dikes as that 
deseribed by Mr. Pope has not been attempted. | The first rush of water, 


a 
and 50 ft. Downstream 
from Center Line of Jetty a 


‘TYPICAL PLAN 


. TYPICAL PROFILE AND ELEVATION - LOOKING UPST EAM 


nd, 


“However, ‘tow i usually “of short duration 


e, except the scour- 


ta Received by the 
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Custer, Moxr 
ing and gullying of the shoulder on the down-stream side of the highway. 
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RADER ON WESTERN HIGH Ww AY PR: Discussions 


‘method followed in 


carry ‘the 2 normal run- from the usual rains or snow. “No 
is made to design and build bridges for the cloudbursts which may not occur s 
more than once in a long period of 73 years. asionilly, the grade line of 
the highway is ; depressed for a few stations so as to allow: exceptional floods — 

to flow over, and, where the grade is well compact: ted, the loss of of ‘embankment 


is found to be s small, , even if there is no protecting \ wall or rip- rap. eis 
For bank protection of rivers flowing through soil subject to scour, the 
>a method of driving double rows of piling par: allel to the stream. has been used . 


successfully in ‘Montana. Brush and rock placed between the piling, 
Es and are retained by planking or wire ‘mesh attached to it. In such cases, if 


possible, the piling i is driven de deep enough to be below the probability of scour. 


Pile jetties, also, sometimes used. “Fig. 15 shows a layout of pile and 
plank jetties installed to protect a “scouring bank on the up-s “stream 


ot a bridge over the Big Horn River, : near Custer, Mont. This river carries a 
large» idlioant of silt in its flood stages, and it ‘is expected that the partly 


planked, piling jetties will retard the current at flood stage so as to cause 
the e deposition of this silt and thus restore the bank. If this. oceurs, willows 


will be planted between the jetties in order further to protect. th e newly 
ee bank. . The rip- Tap is for the purpose of ‘protecting the jetties from. 


a tree or other. large drift should lodge against them, and also 


mage from floating ice. 
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JANUARY, 1932 


APPLICATIONS FOR ADMISSION 


‘The Constitution provides the Board of Direction shall elect or reject: 


all: applicants for Admission or for. Transfer, and, in order to determine justly 
the eligibility of each candidate, the B oard must depend largely the 


‘This list is issued to_ “members i in ‘every grade for the purpose of secu 

pay all auch available information, and every member is urged to sean carefully 

each: monthly list of candidates and to furnish the Board ' with data in n regard — ™ 


piste 


to any applicant which may aid in dete mining his ‘eligibilty. Tt i is the Duty 


of all Members to the Profession to assist the Board i in this manner. es ee 
1} 


It is s especially urged, in communications co concerning applicants, ‘that errors 


in the record be pointed out and a | Definite Recommendation as to the Proper _ 


Grading in Each Case be giv ven, inasmuch as the grading must be based. upon 
es the opinions ‘of those who know the applicant. personally, as. well as. upon the “4 
nature and extent of his professional experience. If facts derogatory to. 


e personal character or to the profession: al reputation of an applicant, they mrss : 
be promptly munic: to the Board. | Communications Relating 


to Applicants are considered by the Board as Strictly Confidential. 


i. i 
The Board of ‘Direction will not ‘consider the applications herein con- 


tained from residents. of North America until the expiration | of. thirty (30). at 


days, and from non- residents ‘of North America until the « expiration of ninety lini 
a ays from Janu: ary 15, 1932. 
i 


MINIMUM REQUIREMENTS FOR 


il 


€* 
“Qualified to design as wellasto years 


fied for sub-prof 


~~ Qualified by scientific acquire- 
ments or practical experience 


co-operate with engineers 


funds of the Society 


- ee - * Graduation from a school of engineering of recognized reputation is equivalent “al 4 years active 
_ t Membership ceases at age of 33 unless tr: transferred to higher grade va ts pets 
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Names and Addresses Applicants for Admission and on this List, 


‘Adare 


BENTL EY, ELRoy W alls, N. Y. 5 KIMBRELL, GEARY ..... Portland, Ore.. 
BrIGHAM Ww. Brooklyn, Lewis E.......Rochester, N. Y. 
BROBERG, Frey Bank, N. LIEBSCH, JosEPH P. H.. Philadelphia, Pa.... 
Brow N, HERBERT Milw aukee, Wis.. McDONNELL, Porter W. Toledo, Ohio........ 
CHRISTENSEN, JOHN J..W. New Brighton, N. Y. 6 Mopdseskt, Cuas. J.. Philadelphia, Pa... 
RTENAY, WM. A., JR.. Chester, Pa JAMES P...S8, Ozone Pk., N. ¥., 
Cu RRY, TRUMAN M., Jr. Watertown, Conn. Hs ET, Cal. 
Dav pr, RAL PH B... - Toledo, Ohio. . PALMER, | . Holy oke, Mass. . 
Davis, ARNOLD Baton Kouge, La 6 PETTIG REW Le ape Haitien, ‘Haiti. 2 
Bane, Henninc.....Brooklyn, N. Y.... PowELL, Joun E. C....Glendale, N Y...... 2 
De GeuriIn, Lewis C.. . Overton, Tex. .. 22 Pricuarp, Mason C....Jacksonville, Pla.... 13 
DENT, JOSEPH . College Station, Tex. 7 QUIRICONI, EUGENE ....New York City. S$ Was 
Dickey, Water L.....Los Angeles, Cal. RANLETT, CHAS. A., JR.. Sharon Hill, Pa. Lin 
Dr MICELI, Bern. ARD J..New York City..... Reno, SAMUEL H Chanute, Kans...... for 
Dor GLass, ARTHUR 8... Detroit, Mich...... RoGers, ....San Francisco, Cal. 
Fo Junius A.......Chicago, Ill......... 8 SALMON, FRED A., .Guin, Ala. 
Leonarp M. Bethlehem, Pa SCHUMANN, Cleveland, Ohio. 
FRENCH, FREDERICK C..Chattanoozga, SepER, WILLARD Edgewood, Pa... 
GARDNER, GEORGE Jn. Los Angeles, Cal. SHEL DON, RoBert “Bees, anal 
GENTHON, RENE 19 Sours, Harotp G......Akron, Ohio........ 
Aurnep Washington, D. C.. Srewart, Rorert S.... Seattle, 
«GRE ENE, GEorGE A.....Sacramento, ( SULLIVAN, CLARENCE Los Angeles, Cal.... 
Grossarr, Lewis P....Allentown, Pa. Z, CLARENCE J..... J. 
Harte, CHarLes R.....Houston, Tex Vickery, ALBION K.... 
HIGHFIL B.. .. Seminole, hh. 7 IRGILIO, NICHOLAS .. New Cc 
Horr, Louis D........ Yonkers, N. Y q ON KARMAN, THEODOR. Pasadena, 
Honou Rk, WILFRED ..Urbana, I Wi LIAMS, HowarbD J...Boston, Mass....... 2 


« 
Name. $s. Name. Address. Page. 
Apams, WaLTer K, San ‘Antonio, Tex... 3 HurrM AN, THomAS E...Corpus Christi, Tex.. 20 D, 
a ARNESON, Epwin P....San Antonio, Tex... 18 Hucnes, Mervin M.... Sault Ste. Marie, Mich. 10_ a 
4 _ ATKINSON, Georce L... Little Rock, Ark.... 4 Jonson, Clarence W..Port Arthur, Tex.... 10 the 
| 
to 
8 


The fac fact that applicants give the names rtain 


does ‘not: necessarily mean that such members endorse. 


; ‘The: number in the center above - each record indicates the serial number 
:~the applicant for the current year, and that at the left. the district i 


abbreviations in Italics represent fespectively, TY, Total Time; SP, 
Professional Work; P, Professional Work; Responsible Charge; 
D, Design. figure. for Total Time | is adding one-half 
the time spent in Sub- Professional Work to | the e time spent in Professional 
Work. ‘The figures showing the amount of ‘time spent in Responsible 
‘Charge and « on Design are the -estim of the ‘Applicant. allowance 
of four years for graduation or of one-half of a year for each academic — 
year successfully completed in an engineering college without graduation — 


is included in ‘Total Time and Professional Wee 


q 


(18) ADAMS, 'WALTER KELSEY, 817 West ‘Tex. (Age 53. 
Born Oneonta, N. ¥) B.S Civ. Eng., Univ. of Wis. TT 4: P 4 =nJune 1903 to 
March” Rodman, n, Instrumentman, etc., until | March with Pennsylvania 
with Northwestern E leveted R.R., Chicago, on ‘structural then with Lassig ‘Plant, 
a American ‘Bridge Co., on structural detailing. — TT 6. 3: SP 0.3—aJan. 1908 to May 1914 
with National Rys. of Mexico, until March 1910 as ‘hot, Dae. Dist. Engr., M. of W. Dept., _ 
then Res. Engr., Constr. Dept., on Rio Grande Bridge, Laredo, Tex., and after June 1911. 
: Bridge Engr., M. of Ww. Dept., on general repairs and reconstruction of track and bridges. 
8,6; BP 0.9 7: RC 3.——=June 1914 to Aug. 1921 with U. S. War Dept. ‘until Aug. 
ae and after Nov. 1919 as Jun. Engr., tabulating railway data and formulating plans for 7 
organization and operation of military railways in Mexico, from Aug. 1917 to Nov. 1919 © 
Enegrs., Ss. Army, 16 months with A. E. F. on maintenance of tracks, in yards 
7 of Gen. Intermediate Storage Depot at Gievres, France, and in charge of construction of rest — 
9 & camp and hospital at Southampton, E ngland. ey 3 6. 4: SP 0.6: P 5.8: RC 2. 2mmmAug. 1921 | 
to Feb. 1922 not engineering work.—=Feb. to Sept. 1922 with City Engr.’s. Dept., San 
Antonio, Tex., in charge of reconstruction of South Alamo St. Bridge over Antonio— 
River, and Chf. of Party on paving and surveys. TT 0.5: SP 0.2 a: P 0.8: RC 0. 3 Sept. 
; 1922 to Sept. 1924 Asst. E ngr., San Antonio & Aransas Pass R.R., in Resear bad of design and ‘ 
of substructure for Brazos River Bridge at Wallis, Tex. a: 
=D 1.—Sept. 1924 to Sept. 1926 Cc hf. of Party, Flood Prevention Dept., ‘City of San Antonio, — 
4 on surveys and on location and construction of park roads in connection with Olmos Dam. 
—Sept. (1926 to. Nov. (1928 Asst. _Engr., Missouri-Kansas-Texas Ry., 
“‘Transitman and ht. of Party on “surveys, TT 2.1: 2.1: RC 0.4.——Jan. 1929 to 
1931 Chf. E ngr - Montgomery & Co. (subsidiary of ‘United Fruit Co.), Ixtapa, Jalisco 
Mexico, in charge of design and construction of abutments for and erection of truss — (45 
ft.) bridge, with pile trestle approach, crossing Mascota River, and gravity irrigation 
for plantation (about 3,000 acres); preliminary surveys for gravity and pumping systems 
- ; to irrigate 7000 acres; built light railway (16 km.) with necessary sidings and yards — 
“and prepared plans and estimates for extension, on preliminary plans and estimates and 7 @. 
studies for proposed construction of loading pier. rf 2.8: P 28: RC 2.8: D 2.8—TT a _ 
76: SP 3.9: P 23.7: RC 9.7: D 3.8. Refers e EK. P. Arneson, S. F. Crecelius, E. Le 
‘Daley, G. E. W. S. Goodman, G. J. Kennedy, R. P. Parker, E. 
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FOR ADMISSION 


(14) ATKINSON, GEORGE L LEE, 1908 “Wolfe e ‘Rock,’ Ark. (Age Pas 
| Siete Tex.) April 1926 to March 1927 Asst. Engr. on Street Improvement District | 
work, until June for Frank then for W. Field, of Little Rock, 

Ark. TT 0.9: 

July 1927 as Draftsman ‘Designer, “thee Asst. Res. Engr. 
on construction, Dist. No. 6, Little Rock. 1.1:'P 1.1: RC 0.4: D 
_& to June 1931 Structural Draftsman, Detailer and Asst. on ss surveys, Arkansas Bridge 
Dept. P 3.2: RC 5.2: P 5.2: : RC 4.5: D 0.6 Refers to P. Andemnen, 

C.. ‘Christian, N. Garver, A. M. Lund, MacCrea, W. A. Poe. 


(4) BAILEY, JULIAN GEORGE, 266 South $t., Philadelphia, Pa. (Age 
_ Born Chicora, Pa. J June 1899. to July 1900 Rodman and Chainman on railroad work. F 
FF 1900 to Aug. 1907 with Pennsylvania R. R., until 1905 as Transit. 
man (Chf. of Party) and Chf. Masonry Inspector on elevation of Monongahela Div., freight- - 
line construction, ete., then Asst. Engr. on preliminary survey, location, low- 
grade freight line, Glen Loch to Philadelphia, other surveys, et SP 2.5: 
 P 2: RC 3: D 1—-Aug. 1907 to Sept. 1909 Civ. Engr. and Pa a, 
supervised construction of plant for Coatesville Foundry and Machine Co., surveyed | and — 
designed plant for Green Lane Trap Ice Co., , including dam, » ice houses 
quarry plant, and other engineering work. 2.2: 2.14: RC 2.1: D 1.—-Sept. 1909 
to July 1911 Field Engr., Inter-State Eng. & Supply Co., Philadelphia, in charge of con-- 
struction of electric power plant for Metropolitan Elec. Co., Reading. TY 1.8: P 1.8: 
RC 1.8<—<March 1912 to Oct. 1917 Asst. Engr. and Dist. Engr., Bureaw of Highways, 
‘Philadelphia, in charge of construction of and highways. &4: 5.6: 
RC 5.6: D 1920 to Jan. 1921 Civ. Ener., Du Pont Eng. Co., Wilmington, ‘Del. 
= being Cons. Engr. on reorganization work, _ studying construction operations and costs and | 
advising changes in methods, etc., on various projects, such as new plants for Cadillac 
Automobile Co., Detroit, Mich., Buick Automobile Co., , Flint, and General Motors Truck Co 
Oakland Automobile Pontiac, Brown ‘Life Chapin Co.,. Syracuse, N. etc. 
ORF 0.7: P (0.7: RC 0.7——mOct. 1917 to March 1920 and April 1923 to May 1930 ‘Field 7 
 Engr., “Day and Zimmermann, Inc., Philadelphia, until March 1920 supervising construc- 
tion of ‘steel plant for Erie (Pa.) Forge and Steel Co., surveying, and laying out town 
a x for -U. S. Shipping Board, south of Gloucester, N. J., and construction of Philadelphia 7 
Quartermaster’s terminal for U. S. Army (two large 3-story reinforced concrete ware- 
house piers on wooden piles, hydraulic dredging of Delaware River, pier slips | and net 
connections, and after April _ 1923 making investigations and preliminary reports on 
development of proposed hydro- electric projects, principally topographic surveys in United | 
States and ‘Canada. TT 9.5 9.5: RO 9.53 D 6.5.—<May 1930 to date Constr. 
in charge of Constr. _‘Div., Bureau ‘of Eng., ‘Dept. of Public Works, Philadelphia, 
supervising building bridges, sewers, sewage- disposal and miscellaneous structures, etc. 
1.5: P 2.5: 6.2: SP 8: P 23.2: RC 23.2: D 10.5. Refers to W. Cc. 


‘Bailey, ¥ Ww. H. Connell, J. C. Penrose, G. F. Rowell, E. R. Schofield, F. 


BARRICK, MERVIN JOSEPH, 1603 Junction St. “South, Williamsport, P a. “(Age 43. 
Born Steelton, Pa. » Prof. Engr., State of Pennsylvania. 1911 B. S. in San. Eng., Pa. 
se Coll. 4: 1911 to April 1912 Draftsman, Pennsylvania Steel Co., 
Steelton, Pa. TT 04: SP 0. to Oct. 1912 Inspector, New York: ‘Agricultural 
Industrial School, Industry, N. 0.2: SP 0.2.——_Nov. 1912 to April 1913 Rodman, 
Wabash Pittsburgh Terminal Ry. Co. TT 0.2: SP 0.2——_May to ‘Dec. 1913 Draftsman — 
Inspector with Chester & Fleming, Pittsburgh, on water-works. (04: SP 
; Feb. 1914 to July 1915 and Nov. 1915 to June 1916 Draftsman, ete. ., On W ater- works and 
successively with L. E. Chapin, Pittsburgh, Farley Gannett, Harrisburg, Pa. 
1. 4: SP 0.9: : 0.5: DO. to Dec. 1916 and Feb. to Aug. Foreman 
ie construction, successively with Pitt Constr. Co. and Pihl & Miller, both of Pittsburgh, — 
latter period in charge. 0.9: SP 0.2: P 0.7: RC 0.7.—- Sept. 1917 to July 1919 with 
Army, until June 1918 as Private, Corporal and Sergeant, Infantry, Utilities and 
Eng., being in charge of filter’ operation | at Camp Meade, Md. (5 months), and after July 
1918 2d Lieut., 311th Engrs., 86th Div. , in charge of detached platoon on road work, 
Montpont, France months). 1. $: SP 0.5: P O08: RO 0.8 Auge. to Dec. 1919, 
‘Draftsman and Inspector, Americal City EF ng. Co., Pittsburgh, on town planning. TT 0.2: 
SP 0.2: D 0. el to — 1£20 Draftsman’ and Asst. with Douglass & McKnight, 
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Engrs ners., Pittsburgh. TT 0. 6: SP 0.2: P RC Ot: D 0. 3 1920 
4 with Pennsylvania Dept. of Health, Harrisburg, until Dee. 1925 inspecting waterworks 
_ operation, 9 months as Eng. Asst. and 44% years Asst. Engr. , and since Jan. 1926 _— 
Engr., Williamsport Office. 77 10: BP 1.3: P 8.7: 8.7: D (19.6: SP 4d 
15.1: RC 10.3: D 3.9. Refers to D. Davis, A. E. Je Hoffert, M. 


Krause, H. E. “Moses, W. L. Stevenson, E. D. “Walker. 
@) BENTLEY, ELROY WILLIS, 79 Park St., Glens Falls, N. Y. (Age 48. Born Glens 


Falls, N. ¥.) Graduated, International Correspondence Schools. March 1930. 
with New York State, Canal and Highway Depts., until 1911 (elaleomd. petting, ait wall 
and concrete bottom in canal, repairing lock gates, looking after stone quarry, being 
Mixer, Foreman and Timekeeper ; April 1911 to July 1921 Highway Inspector, | July 1921 
to Jan. 1926 Jun. Asst. Engr., and after Jan. 1926 Asst. _ Engr., Grade 1 and field and 
j ‘es work, during 1913 in charge of contract and since April 1914 Engr. in charge of — 
Delaware County, of roads, bridges, railroad elimination and all 
- maintenance. TT 17.5: SP 1.5: P 16: RC 16=——m1930 to date in private practice as 
Surveyor, real “estate, and insurance, at Glens Falls, made floor plans for 
modelling, ete. 19: SP 3: P 16: RC 16. Refers to C. Fisher, Hoadley, Jr. 


AL Paine, WwW. Cc. E. ‘Stickney, J. H. iL Thomas. 1%, 


BRIGHAM, RICHARD WINANS, 885, East Thirty-eighth St., Brooklyn, N. 


- Born Binghamton, N. Y.) 1927 B. S. in C. E., Union Coll. TT 4: P 4.—_-=June 1927 to | 
date with New York Telephone Co., until Sept. 1928 as Eng. Asst., Constr. Dept., preparing € 
routine orders and since Sept. 1928 Outside Plant Engr., supervising engineering work and 
preparing specific estimates. TT 4.65) RC 85: P 8.6: RC Refers’ 

to A deH. Hoadley, H. Miller, E. H. Prentice, H. A. Schauffler, W. C. Taylor. 

BROBERG, FREY LORENTS, West St., Re , Red Bank, (Age 45. 
Malmo, Sweden. ) 1906 graduated, Malmo Tech. Coll.——=Aug. 1906 to April 1912 Drafts- 
man, Designer and Engr., Hayward Co., on design of cranes, excavating and dredging, 
coal” and sand- handling and traveling and floating hoisting machinery. 2.6 
2 2: RC 1: D 1-——=May 1912 to July 1914 Designing and Constr. Engr., Nitrate Agencies, ; 
-Iquaque, ¢ Chile, remodeling several saltpeter refineries, and design and construction of Oficina _ 

Paposo. RO 2.2: D 1—<July 1914 to June 1916 in charge of construc- 
-_ = tion equipment of Constr. Dept. of Swedish Govt. R. he acted in ‘consulting capacity on 
construction etc.mJune 1916. to May Constr. Engr., Cc. G. Lianossof, 
plant. TT 0.7: P 0.7: RO 0.7: 0.8=——eJune 1917 to April 
: Draftsman, Chile Exploration Co., on design of machine for casting copper ingots. TT 0.8: 
4 


- P 0.8: D 0.8..——April 1918 to Jan. 1919 Engr., T. W. Price Co., on design and construc- 
_ tion of steel foundry in East Chicago, Ind., various industrial plant designs and super- 
7 vision of construction. TT 0.6: SP 0.1: P 0.6: RC 0.8: D 0. 2.——Jan. 1919 to April 1923 © 
| Constr. and Mech. Compania Minera, Choco-Pacifico, Colombia, on design and con- 
struction of. placer river surveys Choco, investigations and. reports. 
2: 3.1923 to 1926 travelling; at times acted as Cons. 
Engr. regarding construction equipment; supervised design of gate- -operating mechanism for 
} hydro- electric power plants. ===Dec. 1926 to Sept. 1927 Mech. Engr., Raymond Concrete Pile 
: ; Co., on design of special “equipment for construction of concrete bridge over Lake —— 
train, La., and equipment for Buena Ventura and Maracaibo Harbors. TT 0.8: P 0.8: RC 0.1: 
—Jan. to May 1928 Mech. Engr., Frederic Snare on design of 
equipment for construction of Port of Callao, Peru. TT 0.4: P O4: > D 0O.4.—May to 
1 Nov. 1928 Valuation Asst., Coverdale & Colpitts, on valuation of structural steel, concrete 
 Gaanemaain development of costs for both overhead and tunnel, construction for Inter-_ = 
boro Rapid Transit R. 0.4: P 0.4: RC 0.4.——eDec. 1928 to Oct. 1929 Asst. Port 
Engr., Ulen & Co., Persia, on survey and mapping Jerrachi River to Persian Gulf, hy dro- 
3 graphic ‘survey of Persian Gulf from Bu Sif north, assembling survey in marine charts. 


TT 0.8: SP 0.1: P 0.7: RC 0.7.——Feb. 1930 to July 1931 Plant Designer, Anglo Chilean _ 
Nitrate Corporation, on designs of ecresning, sampling, crushing, reject- disposal, and dust- 
collecting and dust- disposal ane. as SP Lae 15.7 : SP 
13.1: RO 7.4: D _ Refers to R. Ellis, Jr., H. H. Friendly, L. A. Jenny, J. 1. Leonard, 


‘T. G. Redington, C. E. Seage, H. A. Yor. 


7 
— 
© 
¢ 
— 
= 
— 
| 
{ 
a 
= 
ae 
| 
& 
= 


FoR | ADMIS 


wo CHRISTENSEN, JOHN JOSEPH, 1148 Clove West New t “(Age 
24. Born Perth Amboy, N. J.) 1930 B. S. in E., Manhattan Coll. Ps | —Sum-— 
mer 1929. and Feb. 1931 date Eng. Asst. of Transportation, of New York, 
being Chainman, Rodman, Inspector of Draftsman and Transitman. 0.4: 


SP 4.4: SP 0.4: P 4. Refers to J. J. Costa, J. H. “Myers. RE 


(14) CLARKE, _ TIMOTHY JOHN, 1441, Peabody Ave., Memphis, Tenn. (Age Born 

- Clinton, Iowa.) Sept. 1904 to Sept. 1907 student, Univ. of Iowa. TT 15: P 1.5 5 Feb. ; 
1903 to Sept. 1904 with Iowa E ng. Co o., C linton, Iowa, 3 months © ‘as Rodman, 6 months — 
Inspector, and 8 months on paving, sewer grades and surveys. TT 0.7: SP 0.7 —Sept. 


1907 to Feb. 1908 Asst. Locating Engr. on railroad survey, ‘Clinton to Dubuque, Iowa, 
— R. C. Hart. TT 0.4: P 0.4.—<June 1908 to date Engr.-in-Chg., Clarke Bros. Constr. 
Cc _ Memphis, Tenn. , on bridges, sewers | | and paving ($100 000), designed and built two 
line excavators ($20 000), drainage work (tile and open, $900 000), installed a 
‘Diesel electric drag line and an electric tower excavator and power ‘house, and on Missis- 
—sippi flood-control levee work, consisting of Bird Point New Madrid spillway and drainage 
and Davis Lake Levee, Ark. (total $655 000).  7T 20: P 20: RC 19: D 1—TT 22.6: 
0.7: 21. RC 19: D 1. mt Refers to to Berthe, L. Hidinger, J. R. Rhyne, 


a CUMMINS, WILLIAM FRANKLIN, Jr., 1513 Cherry St., Vicksburg, Miss. (Age 24. 


Born Yazoo City, Miss.) 1930 B. S. in Mech. Eng., Ga. School Tech. TT 4: P 4.—<—June 

1930 to date with U. S. Engr. . Office, Vicksburg, Miss., 1 year, as Inspector and 6 months 
Jun. ‘Engr., on studies, calculations reports on power problems, flood control 
‘navigation, estimates. | TT 1.5 5: RE 05 
TT 5.5: P 5.5: RC 0.5. Refers to O. G. Baxter, W. M. Borgwardt, F. 


(3) 5) DAVIS, ARNOL .D MARION, 406 Blig., Baton 29. Born 
Newberry, S C.) 1% years student, Georgia School of 0.5 P 0.5 —June 
1923 to June 1926 Associate of Hickman-Davis Realty & Eng. , Miami, Fl la., on surveys, 
sub-division street work, etc. TT 3: P 3: RC 3.—_IJune to 1929 Res. Engr. on 
asphalt projects in Harrison County, Miss. (14% years) and for South Carolina Highway © 
Comm. (1% years) also two sand-clay road projects for latter, being in charge of work. 
2 T 3: P38 : 3: RC 3.—<3June 1929 to date Res. Engr. in charge, until Sept. 1931 of asphalt 
work in Dist. No. 1,, Arkansas State Highway Dept. and since Sept. 1931 of Py pro- 
jects for Louisiana Highway Comm., Baton Rouge, La. TT 2.4: P 2.4: RC 2.4: D 2.2.—_ 
TT 8.9: P 8.9: RC 8.4: D 2.2. _ Refers to R. L. Bannerman, S. A. Brady, C. . Christian, 


() DE BANG, HENNING ( (formerly Kornerup- Henning 40° Sidney 
¥ Pl., Brooklyn, N. _Viedbjerg, Denmark. 1921 B. in n C. 
Royal Pol. Coll., Copenhagen, Denmark. ae or —Dee, 1921 to May 1923 Asst. Engr. 
to Chf. City Engr., Esbjerg, Denmark, responsible field and office work. T >. 1.2: P 1.2: 
RC 1.2: D 1923 to April 1924 Asst. Engr., Royal Fire Brigade, 
Biegdamsvej, Copenhagen, Denmark, designing and surveying. RC 0.5: D 0.5 

=—=April 1925 to Jan. 1926 Constr. Inspector, New York Steam Corporation, oo York 
City, field inspection and supervision of steel and concrete construction. TT 0.7: P OF: 

RO 0.2? —mJan. 1926 to May 1927 Hydr. Designer and Checker, Elec. Bond & Share Co. 
New York City, on hydraulic, steam and electric power ations, foundations, 

"gravity dams, penstock design. TT 1.3: 1.3: 1.3: D 1.3—=—May 1927 to March 
Reinforced Concrete Designer, Ford, Bacon & Davis, Ine. New City, on 
steam- electric ‘power station, turbine foundations, retaining walls, 4 0.9: P 0.93. 
0.7: D 0.9.—arch to Dec. 1928 Structural Steel and Cor Designer, Union Carbide 

& Carbon Corporation, New York City, chemical laboratories and compress stations, founda-— 

tions, retaining walls, mill building design. CT: RC 0.5: D 0.7 7 an 1930. 

to Oct. 1931 ‘Designer and Detailer, New York Central R. R. Co., New York City, on 

grade-crossing eliminations and express highway design and detailing structural steel and 

reinforced concrete. 1.8: Be’ 2. D 1.8..——<April 1924 to April 1925, Dec. 1928 

to Jan. 1930 and Oct. 1931 to date Engr. and Designer, seated Cement Corporation, 
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New York City, designing steel and reinforced concrete machinery layouts on cement plants, - 
heavy machinery foundations, structural steel mill building, silos, warehouses, steel 
tower, continuous reinforced slabs and beams in _ concrete. — or 2.4: P 24: RC 1.9: 
TT 14: P 14: RC 8.6: D 8.2. Refers to E. M. Derby, T. B. Rights, Z. H. Sikes, 


(15) DENT, ‘JOSEPH BAKER, College Station, “Tex. Si. Falls, 
1926 &. S. in C. E., Va. Pol. Inst. 1931 M. S. in C. E., Agri. and Mech. Coll. of Tex. 
me ae 7 P 4 —June 1926 to Sept. 1928 Rodman and Inspector, Nor folk & Western Ry. Co., 
and office drafting. 1——eSept. 1928 to date Instructor, Eng. Drawing 
‘Dept. Agricultural and Mechanical Coll. Texas, teaching» engineering drawing 


descriptive geometry. 82: 3.2.—_TT 8.8: SP 1.1: P 7.2. ‘Refers to R. B. H. Beg 


= DICKEY, WALTER LINNAEOUS, 5228 Eagle Rock Blvd., Los Angeles, Cal. — (Age } 


25. Born Santa Clara, Cal. 1931 B. S. in C. E., Cal. Inst. Tech. a: _— (1926 
_ 1927 and summers while student with J. V. McNeil Co., Contractors, running concrete 
mixer and placing concrete. (7 months), placing reinforcing steel (4 months) and 
i month) ; summers general construction work. TT 0.5: SP 0.5.——_TT 4.5: SP 0.5: P 4. 

Refers to F. J. Converse, B.. A. ‘Hill, R. R. Martel, W. W. Michael, F. .Thomas 


(1) DI MICELI, BERNARD JAMES, 1133 Ave., New. York City. (Age 24. 
New York City.) B. S. in Eng., Coll. of City of N. Y. TT 4: P —Sept. to 
-_ Sept. 1931 (evenings and summers) with Pamadica Constr. Corporation, New York City, as 
Estimator, Eng. Clerk, Timekeeper and Eng. Asst., making quantity and cost estimates a 
for dwellings, garages and apartment houses (5 and 6 stories), checking time and materials 


on construction, assisting on layout of work, and a for layout and construction of a 7 - 


an apartment hous amamSept. 1931 to date Jun. Asst. Civ. _ Engr. , Gr “ade 1, Long Island | 
State Park Comm. , on survey work, acting as Notekeeper, Rodman, Instrumentman, etc. 
TT (0.2: SP 0.2.—_T'T 4: 2°: 62: P to R. E. Goodwin, O. X. 


‘ q@ DOUGLASS, , ART HUR SY LVES’ TER R, 690 Burlingame A Ave. ve., Detroit, Mich. gale: an 
; Born Plymouth, Mass.) 1908 student, Mass. Inst. Tech. —Summer 1908 Steel Detailer 
with Purdy & Henderson, Boston. TT Cae Ff Cs; a) 0. 3. aad and 1910 Timekeeper, 
Rodman, etc. to Asst. Res. Engr., Colorado Power Co., Bear Tramp Dam, hard rock — 
- hydro- electric power house, and Inspector on Barker Meadow Dam. TT 2: P 2—June 
to Nov. 1911 Concrete Foreman, Kerbaugh Constr. Lee Catskill Aqueduct | and Nov. 
(1911 to Jan. Constr. -Supt., power- transmission Lachine, Que. 0.6: 
to May 1 1912 Night Supt., Hydro- Elec. Dam & Power House, Bonny 
Eagle, Me. 0.8: P 0. 3 ay to Dec. 1912 Gen. power-transmission 
lines, until May for Yadkin River Power Co., Rockingham, N.C Elec. Bond Share Co 
Engrs. and Bldrs., then Phoenix © onstr. Co., W aco, Tex. 0.6: P 0.6.—Dec. 1912 
to June 1914 Gen. Foreman, hydro- electric power plant, Et bro Power & Irrigation Co., 
Barcelona, Spain, F. S. Pearson, Ltd., Engrs. and Contrs. 14: 1.5 915 
Foreman, Jacobs & Davies, Engrs. New York City, on construction. TT 0.5 
= 0.5.——=1915 to 1917 Munitions Product Agent of British Munitions Board | for North- 
eastern Dist. of U. S. A. TT 2: P 2.——1917 to 1919 with U. S. Army, Aug. 1917 com-. 
_ missioned Capt., Jan. 1918 became Major, and March 1919 Lieut. Col.; acting as Inspec- 
_ tion Supervisor, | Ordnance Dept. at large (2 months), Asst. Gen. Supervisor, Inspection 
Bee. (1 month), and Gen. Superv. Inspector (51/2 months), Gun Div. ; member of 
Ordnance Officers Examining Board (after Nov. 1917), Inspection Mer. Boston Dist. 
Ordnance Office (1 year), member Boston Dist. Claims Board and Ordnance Dist. Chf., 
Boston Dist. and Chairman, Boston Dist. Claims Board. TT 2.6: P RC 2.5. 
pm. Feb. 1920 to date Constr. Ener., The Detroit Edison Co., in executive charge of sendin: 
room on plans, and in responsible charge of construction and design of work (about — 
- $125 000 000), including construction of addition (75000 kw.) to Connors Creek plant ; 
| ‘siebenettie Power House (160 000 kw.), _ Trenton Channel Power House (300 000 kw.), 
Power House (150000 kw.), also” substation, warehouse and office building con- 
struction. TT 11.8: P 11.8: RC 11.8 :D —11.8..<——§TT 22.2: P 22.2: RC 18.8: D 12.1. 
Refers to A. Dow, G. H. Fenkell, J. P. Hallihan, W. S. Housel, L. G. Lenhardt, A. H. 
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FOR ADM ISSION 


®) FOLSE, JULIUS AUDREY, 1525 East Fifty- third St., Chicago, Ill. (Age 37. Born 7 
-Labadieville, La.) 1917 B. S. in Eng., and 1920 CG. EK. Northwestern Univ. 
Dec. 1917 to Aug. 1919 Airplane Inspector, 826th Aero Squadron, U. Ss. Army, Romorantin, 
_ France, being Private, 1st Class Sergeant, Air C orps, inspecting repairs, riggings, engine 
installation, ete., on reconstructed war airplanes, particularly DH-4’s powered by Liberty 
motors ; Oct.-Dec. 1918 at U. S. Army Engrs. School, Langres, France, became 2d Lieut. 
Fr 1.7: P 1.7: RC 1: D 1.—_<9Sept. 1912 to Nov. 1917 (vacations and spare time while 
student) Computer, June 1920 to Sept. 1924 Research Asst., being Prin. Asst. to Dean of 
School of Eng., Northwestern Univ. and July 1926 to Sept. 1927 Research Associate, on 
research physics, evaporation, runoff, ete. at Carnegie. "Inet. of Washington, 

IT 6.6: 6.5: Re 3.2: D'S. 2.——Oct. ‘to Dec. 1924 Engr., Village of Hinsdale, Ill., inves 
gating and reporting on mechanical condition of municipal light ‘and power plant and — 
preparing recommendations for rehabilitation. 0.38: P 0.8: RC 0.8: D 0.3.——Jan. 
1925 to June 1926 in office of Harza Eng. Co., Chicago, on computations relative to hydro- 
logy and hydro-electric design, calculating flood probabilities, evaporation, runoff, water- 
turbine performance, etc. 15 : P 15: RC 0.5: D 0.5.——eOct. 1927 to Sept. 
Research Asst., Bureau of Business Research, Northwestern Univ. School of Commerce, 
Chicago, research and teaching in economics. Sept. 1928 to date Curator, Div. of Metive 

_ Power and Transportation, Museum of Science and Industry, Chicago, preparing 

exhibits portraying historic evolution, theory and economics on mre of power genera- 
tion and transmission, land, water and air transporation. TT 3: P 3: RC 3: D 3——_TT 16: 
P 16: RC 7 D 8. Refers to F. A. Dale, J. R. Freeman, N. R. Gibson, g. Harza, R. E. 


(10) FRENCH, FREDERICK CARPENTER, 540 South Crest Road, Chattanooga, 
(Age 49. Born Chattanooga, Tenn.) 1905 to date with City of Chattanooga, Tenn. , as 


follows: 1905 to 1907 Chainman, Rodman and Instrumentman, on surveys and drafting ; _— 


1907 to 1921. Inspector and Draftsman, on sewer and street paving construction, vitrified 
pipe, brick and concrete sewers, brick sewer in tunnel, field cast concrete pipe, Inspector on 
-sewage-pumping station (1910-1911) and Grand Drive retaining wall (1915) ; 1921 to 1928 
Chf. Draftsman, assisting on design for sewer systems, 12th and 13th Wards (9 sq. miles), 
in charge of office work; since 1928 Office Engr., designed system of sewers for part of 18th 


ward, including steel and concrete creek crossing (150 ft. long), system for 14th and | 


wards, grades for street paving projects, in charge of office work. . 18: 8P 8: P 10: 
RC 10: D 8. Refers te. Ww. King, J. E. Morelock, a F. W. H. 
Sears, W. H. Wilson, D. H. Wood. 


(11) GARDNER, GEORGE L EON, Jr, 5 
Born Bedford, Ohio.) 1930 B. S. in A. E., Univ. of Cal. present 
post-graduate student, Univ. of Southern 4; P 4. Refers to R. M.: Fox, 
(5) GOLZE, ALFRED RUDOLF, 3039 Macomb St. N. W., Washington, D. C . (Age 20. 
Born Washington, D. C.) 1930 B. S. in C. E., Towne Sci. School, Univ. of Pa. 
P he ome JN. 1925 to Oct. 1927 Jun. Draftsman and summer 1929 Structural Draftsman, 

| Dept. of City Transit , Philadelphia, Pa., making drawings and tracings for whi 
subway structures and (1 year) on grading computations for terminal yard. TT 1.8: 
 §$P 1.3.—<Oct. 1923 to June 1924 and Oct. 1927 to June | 1930 student. June 1930 to date 
with Bureau of Valuation, Interstate Commerce Comm., until May 1931 as Jun. _‘Enegr., 
on computations for railroad valuation reports and since May 1931 Asst. +00 on depre- 

ciation study of rails, ties, etc. TT 1.5: P 15.<—_TT 6.8: SP 1.3: P 5.5. Refers to 
Berry, w. H. Chorlton, A. Hoglund, Ww. Lamborn, C. W. F Palmer, 
GREENE, GEORGE ARTHUR, Box 1103 , Sacramento, Cal. 33. Born Great 
Falls, Mont. >. 1931 B. S., Univ. of Cal. TT 4: P 4.——June 1922 to Oct. 1926 with Los 
Angeles Harbor Dept., until Nov. 1923 successively as Chainman and Instrumentman on 
surveys, hydrographic and topographic work, staking out wharves and piers, © taking 
soundings, etc., then Chf. of Survey Party staking out for wharves and piers, acted as 
-Topographer, and as Engr. on construction of wharves and piers, had charge of sounding 
-party, surveys, etc. TT 3.7: SP 0.8: P 2.9: RC | 2.9.—emOct. 1926 to Dec. 1928 Chf. of 
Survey Party, City Engr’s Office, Los Angeles, on street center line surveys and profiles, © 
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staking out for cur bs, pavement, storm drains, se swers, te RC 2 


May to Aug. 1930 and June 19: 31 to date with State of California, first as Reenialiaibiie, 
Div. of Highways, Dist. 3, acting as Chf. of Party, etc., on surveys, and since June 1931 
_ Asst. Res. Engr., Bridge Dept., acting as Engr. and Inspector on bridge contracts, being 
_ either in charge of a project or of a unit of a large project. TT 0.7: (BPO 1: P 0.6: 
RC 0.6 10.6: SP 0.9: P 9.7: RC 6.7. Refers to Derleth, E. Ferneau, 
F. S. Foote, C. G. Hyde, W. Panhorst, ‘Stover. 
are) GROSSART, LEWIS PHAON, 816 Chew St., Allentown, , Pa. (Age | 37. Born Delano, 
) Registered Prof. Engr. & Land Surveyor, State of ‘Pennsylvania. 1914 to. 
student in Civ. Eng., Lehigh Univ. 1: P 1——1908 to 1910 Chainman, Rodman 
Draftsman on general municipal work. 1910 to 1915 (while student) Draftsman, Beth- 


- _lehem Steel Co. (1910, 3 months) in charge of Field Party, street grading, storm sewers 
- and laying cast iron water pipe in three towns (1912, 4 months), in charge of Party, City 
of Allentown, on sewer construction, — preparing estimates and making up assessments 
- (1913 and 1914, 10 months), and Transitman, Lehigh Valley R. R., maintenance of way 
and rebuilding © yards near Jersey City (1915, 4 months). 1916 Transitman, Central 
of New Jersey, on valuation work and resetting centre line right-of-way 
a monuments. TT 0.2: SP 0.2.——=1917 in charge of Field Party, on municipal construction 
in three towns — and on precise azimuth survey for Bethlehem Steel Co. TY 0.9: P 0.9: 
on RC 0.9.——=1917 to 1927 (except Nov. 1917 to Feb. 1919 with U. S. Army, Ordnance etal 
on construction of Ordnance Base Depot in France) — Engr. in charge of field and office 
work, water-works layout and extension for Northampton County Water Co. and Heller- 
- ; town Borough, sanitary sewers for real estate developments, railroad work on cement-mill 
construction and concrete road work and caisson work on 22-story office building. . TT OT: 
SP 0.7: P 9: RC 7: D 2.—=—1928 to 1931 on design, construction and neerenen of sani- | 
_ 7 tary sewers and separate sludge digestion system at Northampton, Pa., including pumping 
stations ; plans and supervision of electrification, municipal pumping plant at Catasauqua - 
Water-Works. a? 4: P 4: RC 8.5: D 0.5——TT 15.8: SP 0.9: P 14.9: RC 11.4: D 2.5. 
to L. P. Bailey, R.. J. Fogg, R. Fox; : M,. 0. Fuller, R. E. Neumeyer, G. 
(15) HAILE, CHARLES RADCLIFFE, 6725 Sherman St., Houston, a. (Age 42. — San 
Antonio, Tex.) 1912 B. S. C. E., Agri. and Mech. Coll. of Tex. TT 4: P 4.——_1909 to 1910 
Levelman on railroad surveys. TT 0.6: SP 0. 6.1912 to 1913. Asst. Res. Engr., National - 
_ Rys. of Mexico, on construction of Linea de la Costa del Golfo. TT 15 Pd. 5: D 1.5 — 
March ‘to Aug. 1914, Timekeeper on tunnel | construction, strada do Fierro Central do 
Brazil. _ TT 0.2: SP 0.2.—_—Aug. 1914 to Feb. 1916 Asst. Engr., Rio de Janeiro Light & 
Power Co., on tunnel construction. TT 1.5: P 1.5:, RC 1. SaemApril 1917 to Aug. 1919 
1st Lieut. and Capt., 315th 90th U. S. Army. TT 2.3: P 2.3: RC 
Aug. 1919 to Marck 1921 Asst. County Engr. , Kleberg County, on highway uration. 
OT 2. 7: P 2.27: D 2.?.——March 1921 to March 1924 Div. Ener. , and March 1924 to Mesck 
1925 Constr. Engr., State Highway Dept. of Texas. 77 4: P 4: RC 4: D 4.—-March _ 
1925 to Feb. 1926 member of firm, Jno. F. Buckner & Co., Bridge Contrs., Cleburne, Tex. 7 
TT 0.90: P 0.9: RC 0.9.—_Feb. 1927 to Feb. 1929 Asst. County Engr. on hig hway con- _ 
struction, and Feb. 1929 to date County Engr., Harris County. 4 4.8: P £.8° BO £28: 
@ 4.8.———TT 22.6: SP 0.9: P 21.7: RC 10.2: D 13. Refers to me Gilchrist, J. M. fo 


agle, J. E Pirie, H C. Porter, G. G. Wickline. 
HOFF, LC OUIS DALE, 1° Spring Rd., Park Hill, N (Age 36. Born 
Roe hester, N. Y.) 1921 B. S. in C. E., N. Univ. TF 3: j——Summer 1916 Chainman, 
- Rodman and Instrumentman, New York Central R. ReeeDec. 1917 to Dec. 1919 Watch 
‘Officer, Instructor in Nautical Astronomy, Navigator (troop ship), U. Navy Dept., 
responsible charge of engineering work, compass correction, soundings, etc, F 
RC Oz 7—March 1922 to July 1924 Asst. Engr., Adirondack Power & Light Corporation, 
+ - plotting surveys, , being Chf. of survey party on concrete design and construction a 


in responsible charge of Jayout and design of power plant alteration and addition. ee 2.4: 
2.4: RC 1: D 1=eeOct. 1924 to Nov. 1925 Asst. Engr., Westchester County Park Pony 
mapping and designing septic sewerage system and concrete pavement for Saw Mill River : 
P 1 1925 to Aug. 1931 ill; did clerical and other 
work, including about 6 months rg engineering. TT 8.1: P 8.1: RC 2: D 1. Refers to 


= E. —s A. Garfield, E. G. Hooper, C. T. Schwarze, C. H. Snow, D. S. Trowbridge, 
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FOR ADM ISsION 

(8) HONOUR, WILFRED MAIN, Univ. of Illinois, Tl. (Age 23. Born Atlanta, brid 
Ga.) 1929 B. S. in C. E., Ga. School Tech. TT 4: P 4—July 1929 to Jan. 1930 Designer a Wat 
with: Robert S. Fiske, Cons. Engr., Atlanta, Ga. ¢ on steel and concrete building design. © TT ; of I 
(05: Pp 0.5.——Jan. 1930 to date Special Research Graduate Asst. in Civ. Eng., Univ. | of — tion 
Illinois, research on multiple-span concrete arches. TT 1.7: P 1.7.—TIT ‘ee: P 6.2. trus 
Refers to H. Cross, R. S. Fiske, W. (C. Huntington, F.C. Snow, W. M. Wilson. tye SP 
(7) HUGHES, MERVIN MARK, Sault Ste. Marie, Mich. (Age 27. Born East “Jordan, 
Mich.) Sept. 1929 to June 1931 student in Civ. Eng., Univ. of Illinois. TT 1: P — Ro 
June 1926 to. March 1927. contracted gravel and concrete hauling on roads in Iili- Me 
a nois, Missouri_ and Texas for K. Leo Mingus, Des Moines, Iowa, and Smith” Sel 
Cc 0., Dallas, Tex. =—<=Dec. 1927 to April 1928 in charge of rigging and equipment for Sumner |: 
‘Sollitt Co., on construction of U. S. War Veterans Hospital, Tucson, Ariz. TT 0.8: P08. vol 
 mJune 1924 to date (except as above noted) with Price Bros. Co., until July 1925 as © ; i 
Labor Foreman in charge on construction of a hydro-electric plant ; July to Dec. 1925 Ga 
& “Master Mechanic, and Dec. 1925 to June 1926 Labor Foreman, on construction of hydro- © a SP 
electric plant for Eastern Iowa Power Co., assisted in setting James Leffel water wheels, a - Lu 
charge of repair and maintenance, etc. ; March to Dec. 1927 installed automatic operat- Re 
ing equipment, and built ey spillway on Dam No. 1, near New Braunfels, Tex., for _ . Br 
Eng. Co., Jackson Mich.; July 1928 to Feb. 1929 Constr. Foreman on steam power 
plant at Evansville, Ind., for ‘Commonwealth Edison Co.; June to Oct. 1930 in charge | of 
construction of Red Wood Pipe Line on hydro-electric development at Victoria, Mich., for ok 


Range Power Co. since Nov. 1931 on hydro- electric development at Ste. 
Marie, Mich., for S Sault Edison Co. 8. 3: SP 0.4 :P 2.9.—eTT 4.6: : SP 0.4 
“Refers to EL ‘Chandler, Hughes, Jorgensen, M. J. ‘Orbeck, W. H. 


CLARENCE WEST, Sixth Port Arthur, (Age 37. Born 

Pittsboro, Miss.) _ June 1912 to Jan. 1913 with . L. Green, C.E., Aberdeen, - Miss., as 
‘Instrumentman on level, transit and some office’ pot C2: SP 0.2.—_Jan. 19130 


Jan. 1914 Instrumentman and Inspector, County Board of Commrs., Tippah County, 
Miss. TT 0.5: SP 0.5 Jan. 1914 to March 1915 with J. E. Brown, CC. E., Kosciusko, Miss., 


“outfit and right- of- way clearing on construction. 0. G6: 0. 6.—Mareh to Sept. 
Levelman on railroad survey, Yazco City to Carthage, Miss. 0.2: SP 0.2. —~ 
Sept. 1915 to Aug. 1916 County Surveyor, Calhoun County, Miss. TT 0.9: vail 0.2: P 0.7. — 
tO Oct. 1916 South Western Constr. Co., Memphis, Tenn., on railroad 
survey. 0. 1: SP 0.1—=Oct. 1916 to Jan. 1917 Drainage Engr., County Board of Drain- 
age Commrs. , Yalobusha County, Miss ., in charge of survey and design of drainage system for 
Otucalofa Drainage Dist. TT 0.38: P 0.3: RC 0.3.—_an. to July 1917 Chf. of Party i 
Alt. A. Oldfield, Drainage Engr. , Huntington, Tenn., on drainage survey. ‘ee 0.5: P 0.5 
RC 0.5.—j__July 1917 to Jan. 1926 with Associated Eng. Co., Cons. Engrs., 
in charge of surveys and design of drainage systems. P 8.8: RO 4: D 4.5: 
to June 1926 Locating Engr., Jackson & Eastern R.R. Co. a 0.5: P 0.5 :D 0. 5emJune 
1926 to April 1927 Res. Engr., Gulf, Mobile & Northern Ry., on. construction. TF? @2: 7 | 


P 0.8: RC 0.8.—<«<April 1927 to Feb. 1928 Drainage Engr., Leake County Drainage Dist., on 
survey and design of — system. TT 0.8: P 0.8: RC 0.8: D0. 1.—Feb. to Nov. 1928 : 
Highway Engr., Lena Road Dist., on survey, plans and construction. TT 6.8: :P 0.8: 

RC 0.8: D 0.1,——<-Nov. 1928 to March 1929 mes. Engr. , Morgan & Co., Cons. Engrs., Jackson, = | 
Miss., on water- ‘works and sewer construction, TT 0.3: P 0.38: RC 0.3.—March 1929 to 
date Chf. Engr., Coastal Constr. Co., , Orange, Tex., in charge of construction; has built 
sewer, water-works, gas pipe lines, canals, docks and bridges; had charge of 
een of welded battle deck steel bridge at Port Arthur, Tex. “te 2.6: P 2.6: RE 2.3: a 
D 0.3..—_TT 17.6: SP 1.8: P 15.8: RC 9.8: D 5.5. Refers to N. E. Colburn, ALS. Fry, 
KAHL, FRANK BUDD, 305 East ‘Fifty- -second North, Portland, Ore. ‘(Age 24. Born 
Dak.) 1929 B. S. in C. E., Ore. State Coll. TT 4: 4—=Summer 1927 
Rodman, Great Northern Ry.——Summer 1928 and June 1929 to date with Spokane, Port-— 


1 


land & Seattle Ry., first as Field Computer, estimating quantities for road valuation; June 
“to Sept. 1929 Draftsman; Sept. 1929 to Nov. 1930 Inspector in field charge of five large 


restle renewals (under traffic), giving lines, oa and estimates ; Nov. 1930 to 
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_ FOR ADMISSION 
July 1931 in office of Bridge Engr., designing, detailing and drafting timber and steel 
bridges and making bills of material and estimates (steel design consisted of plate girders, | 
Bee arren trusses, viaduct towers and a 250-it. drawbridge) ; since July 1931 in field charge © 
of renewing two pile trestles (30 000 lin. ft., under traffic) and (since Nov. 1931) of erec- 
ton of 328-ft. steel bridge on concrete piles (under traffic), consisting of 115-ft. Warren 
on truss, plate girders and viaduct towers. TT 2.4: SP 0.1: P 2.3: RC 1.5: D O08 =—=TT 6.4 
SP 0.1: P 6.3: RC 1.5: D 0.8. Refers to W. E. Burkhalter, B. M. Howard, L. K. — — 
(3) ‘KOHL, LEWIS EUGENE, | Modding Arcade, Rochester, N. Y. (Ag e Born) 
jn N. Y.) Licensed Prof. Engr. and Land Surveyor, New York State.——_=Student, 
~ Mechanics Bact. Rochester, N. Y., and in Civ. Eng. course, International Correspondence 
_ Schools.——=1908 to 1925 (except Sept. 1917 to Aug. 1918) with City Engr.’s Office, 
- Rochester, N a 4 years as Chairman and Rodman on construction of Cent's Hill Reser- 
voir, “Central Ave. Bridge, sewers, pavements, etc. ¥ 12 years Rodman, Transitman and 
_Chf. of Party on surveys and monuments; 1 year Chf. of Party on surveys at Hemlo*t K, 
Canadie and Conesus Lakes, establishing property corners , taking soundings, etc. 18: 
SP RC 9—_—<Sept. 1917. to Aug. 1919 Engr. in charge of construction for Ciewell, 
 Lundort j & Little, Contrs. on U. S. Govt. amunition plant (forge and small arms plants), 
Rochester, N. Y. TT 1: P 1: RC 1.1925 to 1927 member of firm, Weeks & Kohl, Civ. 
Engrs., supervised design ‘and construction of East Gates Water Dist., and Summerville _ 
Dist. sewer and water additions, and on engineering for Town of Gates, being in charge 
of design, improvements, supervision, etc. 2: PS: ROS: 5.1928 to date Town 
= Ener. of Gates, in charge of all engineering; designed sewers, pavements and sidewalks 
for Rellim Heights, Renouf Heights, Rosecroft and Frostholm Subdivisions, ete. ; made ; 
surveys and prepared plans for proposed railroad grade crossings in Town of Gates (ewavd, 
 Statt and ‘Coldwater Roads) ; also in private practice of engineering and surveying at 
Rochester, on work for other towns, villages, etc. made surveys and eae of Gates for 
- Planning and Zoning Ordinance. TT 3. 9:P 8: > RCO 2: D 1—TT 19: SP 4: P 15: RC 14 a 
Bee 5. Refers to E. A. Fisher, G. P. Hevenor, C. C. Hopkins, ~W.«. S.z Lozier, L. B. Smith, | 
(4) LIEBSCH, JOSEPH PETER HARRY, 6815 North G ratz St., Philadelphia, Pa. (Age 42 7 
4 ‘Born Philadelphia, Pa.) 1911 B. S. in C. E., Towne Sci. School, Univ. of Pa. TT 4 


P 4weeJune to Aug. 1911 Structural Detailer, American. Bridge Co., Edge Moor, Del. | 
TT (0.2: P 0.2..—_—_Aug. to Dec. 1911 Rodman, High-Pressure Fire Service System, Dept. 
a of Public Safety, Philadelphia, Pa., on laying of high-pressure mains. * TT 0.2: SP 0.2.—— 
dD ec. 1911 to wag Pog Svatienean. Standard Meter Co.,. on design and details of gas and 
station meters. — TT 0.4: P 0.4..—93\|May 1912 to Nov. 1913 with Bureau of Surveys, Dept. 
adore Works, Philadelphia, | until July 1913 as Draftsman on city planning and — 


grade crossing elimination, “then Transitman on municipal surveys. &: 

P 1.1.——=Nov. 1913 to Aug. 1920 with Dept. of City Transit, Philadelphia, Pa., until Jan. 
1918 as Structural Draftsman on details and designs of subway and elevated railway struc- 

tures, then Asst. Engr., underpinning and related construction on Frankford Elevated re _ 


= Carr 6.8: D 4.2—Aug. 1920 to date Structural Designer and Checker, Bridge Div., 
and Surveys, on design of bridges, masonry structures and foundations 
also taught (nights) in Central and William Penn High Schools (Oct. 
to date), Temple University — (Sept. 1931 to date) and Drexel Inst. (Jan. to Feb. 1925 rs 
past 20 years also in private practice, designed and had responsible charge of several a 
> bridge projects for cities and boroughs near Philadelphia. TT 11.3: P 11.3: RC 7%: D 11.3. 7 
SP 0.3; P 23.8: RC 7: D 15.5 5. Refers to J. E. Boatrite, S. H. Noyes, H. H. 
Quimby, E. R. Schofield, F. G. Schworm, S. M. Swaab. 
(4) MODJESKI, CHARLES EMANUEL 1420 Walnut St., 
35. Born Chicago, Ill.) 1921 C. E., Cornell al TT 4: P 4—mApril to July 1915, 
| April 1921 to July 1922 and Sept. 1923 to Jan. 1924 with Ralph Modjeski, successively — 
as Mill and Shop Inspector in Steelton — ‘Plant of Pennsylvania Steel Co., on steel for 
enapate Bridge, Inspector on reconstruction of Cincinnati, New Orleans & Texas Pacific | 
7 Bridge across Ohio River at Cincinnati, Ohio, and Res. ‘toe: in charge of borings. into” 
foundations of old railroad bridge across Hudson River at Poughkeepsie, N. Y. ~ TP 24 
SP 0.5: P 0. 9: RC 0.4.—Jan. 1924 to Sept. 1927 with Frank M. Masters, ‘elites, 
Pa., as Chf. Diiiinitian in charge of design and Res. Engr. in charge of construction of 
concrete arch bridge at Clark’s Ferry, Pa. (about 9 months), and of Market St. Bridge” 
at Harrisburg, Pa. (over 2 years), both across Susquehanna River and after Oct. 1926 © = 
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“che. Draftsman in charge of designs and estimates. for bridge ‘across Ohio River 
at Louisville, Ky. , recomputation of stresses, Niagara- -Clinton Arch, Niagara Falls, N. Y.,. 
and reconstruction of State St. Bridge over railroad tracks at Harrisburg. 


RO.3:.7: D 2.9.——Feb. 1928 to Dec. 1929 Res. Engr. with Modjeski, Masters & Chase, "inten 
-Tacony-Palmyra Bridge across Delaware River, Philadelphia. 77 1.9: P19: RC 1. 5 
Oct. 1927 to Jan. 1928 and Jan. 1930 'to date with Modjeski & Chase, first on design of fabri 
main arch ribs, Henry Ave. bridge across Wissahickon Valley, Philadelphia, and since and | 
Jan. 1930 Res. Engr. on Henry Ave. bridges over Philadelphia & Reading tracks at 30th _ Yi 
St. across Wissahickon Valley, Philadelphia. TT 2.3: P 2.8: RC 2.38: D 0.38.——_TT 13.3: — 7 G. P. 
SP 0.5: P 12.8: RC 8.3: D 8.2. Refers to M. B. Case, C. E. Chase, F. M. Masters, ‘ae 

: @) MORRIS, WILLARD F FRANK, 1047 Sunbury Rd., Columbus, Ohio. (Age 24. — | man, 
Columbus, Ohio.) 1929 B. S. in C. one 1930 C. E., Princeton TT P _— surv 
June 1930 to June 1931 with Goodyear Zeppelin Corporation, months as Draftsman  ~pora 
Structural Dept. 6 months Engr. Analysis Dept. and 
“4 P 5: P Refers to G. E. Beggs, F. H. Constant. Dept 

O;DONNELL, JAMES PATRICK, 117-34 One Hundred St., South Ozone Park, = 
Y. (Age 23. Born York City. 1930 B. S. in C. E., Cooper Union Inst. Tech. 
1981 ©. E., Univ. of Ill. TT 4: Refers. to F. E. Foss, Morrison, tions 


(13) PAGET, FREDERICK | HILTON, 504, Twenty- first St., (Age 383. 
. 9 Born Hazel Hill, N. S., Canada.) 1920 B. S., Univ. of Cal. TT 4: P 4——July 1918 to 
Aug. 1919 First Lieut., 11th Battalion, Canadian Engrs., overseas. Tr 0.5 5: SP 0.5 FmmeDec. 


to March 1921 Computer, Sutter Basin Co., Knights Landing, Cal., on subdivision repe 

work. TT 0.1: SP 0.1— March 1921 to May 1922 Draftsman, | Computer and Instrument- 
man, Reclamation Dist. No. 2047, Colusa, Cal. TT — SP 0.6.——<}May 1922 to April desi 

1923 and April 1924 to May 1927 with Fred H. Tibbetts, San Francisco, until April 192 dan 

as Draftsman, Computer and Instrumentman on irrigation, drainage and milan: wee. rive 

and after April 1924 Draftsman, Computer, Designer, Chf. of Party and Asst. Engr. on — cha 

_ development of reclamation and irrigation districts, including reconnaissance, surveys, Riv 

design of irrigation and drainage systems, with incidental small structures, and 
: “ of estimates and reports. TT 3: SP 0.9: P 2.1: RC 1.5: D 0.6.——mApril to July 192 a 


Computer with Peter R. - Gadd, Sacramento, Cal., on triangulation, made computation | ‘tor, 
triangulation survey of 21000-acre ranch. TT 0.2: P 0.2.———July to Sept. 1923 with 


; W. E. Callaghan Constr. Co. , Marysville, Cal., in charge of clearing brush from flood- | : Pu 

control levee right-of-way and erecting temporary power- -line poles. TT 0.1: SP 0.1— 

- to Nov. 1923 Instrumentman, P. B. Eng. Constr. Co., Los Angeles, set slope stakes = 

to keep drag lines to line the grade on flood- control levees. 0.2: P 0.2.—_—_[Nov. 1923 

to April 1924 and May 1927 to June 1928 with County Engr., Monterey County, Cal., ma) 

first as Transitman on road location and subdivision work, and after May 1927 Chf. “of | Tes 

Party on road location, estimates, subdivision, small farm irrigation layouts, etc. TT AG: En 

1.5: RCO 1.6.—_Aug. 1928 to July 1929 Chf. Draftsman, Tax Factors, Inc., on 

of San Diego County, in charge of Rural Drafting Dept. (under Office Engr.). Cit 

a  P 1—-—=July to Dec. 1929 private work, appraisals of small homes and suburban lots for en 
pbuilding and loan companies and banks in San Diego. 0.4 O4: RO —_Jan. 


1930 to date with State of California, until Feb. 1931 as Jun. Hya r. ‘Ener. on field recon- : 
_ haissance and office studies for salinity control in Sacramento River Delta and the— 


projected salt water barrier, then Jun. Engr. of hydraulic structure design, involving iy | 
investigating capacities of dam spillway and stresses developed in various types” of dams col 
under operating conditions; since Aug. 1931 Asst. Engr. of hydraulic structure design, Bo 
involving measuring water directed from Sacramento River Redding and Knights P 


Landing, Cal. TT 19: 13.5: SP 2.2: P 11.8: RC $.4: D 0.6. Refers to BE. E. 


Blackie, G. E. Goodall, G. . W Hawley, R. Matthew, S. H. Searancke, H. M. ‘Stafford, Bie 


(2) PALMER, 7 WAY NE FRANCIS, 129 Morgan St., Holyoke, Mass. (Age 36. . Born Ft. 


Wayne, Ind.) 1917 B. S., Dartmouth Coll. : P 2——<March to Sept. 1917 student, 
Uz S. Naval Academy. =e=eSept. 1917. to May 1918 Deck Officer, in charge of all communi- 
; cations, U. S. S. Wyoming, being Ensign, Lt. j. g. and Sr. Lieut., designed and built models 
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of new type of submarine mine and counterminer. TT 1.5: 1.5: D 1.5.—May 1918-1 De Cc. 


1921 with Bureau of Ordnance, in charge of Mine Laboratory, creating, designing» and 
building submarine mines, depth charges, launc hing mechanisms, pyrotechnics, fuzes, super- 
intended and for tests on action of mines in currents and tideways. 
TT 3.5: P 3.5: RC 3.5: D 3.5=——March 1922 to date with The Palmer Steel Co., steel 

fabricators, Springfield, Mass., until April 1928 as Salesman and of contracting, 

and since then Gen. Megr., in charge of all departments. | T T 6.7: SP 3: P 3.7: RO 37.—_ 
TT 13.2: SP 8: P 10.7: RC 7.2: D 5. Refers to M. F. Brown, H. Kornfeld, E. E. Lochridge, 

P. O’Connell, G. E. Pellissier, R. A. — M. M. Thrane, A. C. Waghorne. 


PRICHARD, MASON CARTER, : 8522 Randall St., Jacksonville, Fla. (Age 32. Born 
Ala.) B. S., Univ. of Ala. 4: P 1918 to June 1919 Transit- 
man, ee Shipbuilding Co., on building layout, railroad location and topographical 
surveys. TT 0.5: SP 0.5.——=«June to Dec. 1919 Field Engr., G,, S. Co. Steel Cor- 
poration), on power- plant construction, lines, grades, estimates, inspection of = 7 


and bpienanseeayeteiag: etc. TT 0.2: SP 0.2.—_June 1924 to May 1925 with Alabama Highway 
 Dept., until Oct. 1924 as Draftsman on design and plans, then Asst. Engr. on Federal Aid 
_ work, in charge of bridge and culvert construction on 26-mile project. 77T 1: P 1: RC 0.7 
: elas eaae 1925 to May 1927 with Butler, Barnett & Taylor, Cons. Engrs., West Palm 
- Beach, Fla., until April 1926 as Engr. in field and office on municipal subdivision and 
general engineering, then Office Engr. in > charge of design, drafting, estimates, specifica- t 
tions, plans for concrete bridges, street pavi ng, sea walls, etc. TT 2: P 2: RC 2: D 1. 1 — 
March to Nov. 1928 private practice Mobile, Ala., plans for and supervision | of 
RC 0.7 —Dec. to ent. 1920, May 1927 to Feb. "1928 1988 to date 
with U.  ialee. Office, first as Design Draftsman at Tuscaloosa, Ala., on concrete design, 
design and dams, mechanical drafting and assisting in compiling and 
report on engineering studies; May 1927 to Feb. 1928 Asst. Engr. at Chattanooga, Tenn., 
special investigations of Cove Creek hydro-electric and reservoir project, assisted on 
designs and plans for power plant, spillways and locks; made stability — analysis of gravity 
dam section; assisted in design and plans for number of projects on Clinch and other 
rivers; Nov. 1928 to Nov. 1930 Asst. and Associate Engr. at Mobile, Ala., in| responsible | 
charge of surveys, mapping and drafting report on surveys of Warrior and een 
Rivers, tor plan for combined developments of hydro- electric power, navigation 
flood protection directed design of locks, dams, spillways, ete. ; sinc Nov. 1930 at 
Jacksonville, Fla., as ‘Ener. in charge of preliminary and ‘survey of trans-_ 
Florida ship canal under special board of Army Engrs., having complete supervision and 
“direction of hydraulic, geological, commercial, and physical investigations and 
and drafting of report. SP 0 4 8.8: RC $8.8: 4. (12.7: ‘SP 1: 
4 11.6: RC 7.8: D 6.2. ‘Refers te M. Boyd, W. H. Goodloe, G. B. Hills, S. C. 


R. D. Jordan, C. E. McCashin, G. F. Whittemore, G. A. Youngberg. _ Cota ert che. 


QUIRICONI, EUGENE, 27 Bedford St., New York City. (Age 23. 
Italy. ) 1929 B. S., and 1930 C. E., Coll. of City of N . 4: P 4—Summer 1927 
‘Eng. Asst., Gibbs & Rice Constr. Corporation, Bldg. C ‘ontrs., giving line and grade on 
“pbuilding foundations—<—Oct. 1927 to Jan. 1929 Student Instructor in Surveying, Coll. of 
City of ray York.—=March to April 1920. Steel Estimator, Maxwell Spiro & Co., Jersey” 
4 sity, N TT 0.1: P 0.1.——April to May 1930 and Oct. 1930 to Jan. 1931 Instructor in 
ia ‘entenetin and drafting, Mondell Eng. Inst., New York City. TT 0.4: P 0.4. 
teres to Oct. 1930 Material Clerk with Jackson & Moreland, Hoboken, N. J., on teen 7 


Lackawanna & Western R.R. work, takeoffs" from prints for purchasing materials. 
0.4: : 0.4.——Jan. to May 1931 Asst. Supt., Raymore Constr. Co., on school building 
cniakrastiens TT 0.8: P 0.3.——_May 1931 to date Structural Steel Draftsman, Grade 3, 

- Board of Transpor tation, New York City, drafting and design. TT 0.2: PO. emma (5.9: 

PS. 9. Refers to R. E. Goodwin, F. O. X. McLoughlin. 

(4) RANLETT, CHARLES AUGUSTUS, Jr., Sharon Hill, Pa. (Age 27. Born 

Cambridge, Mass.) Feb. May 1926 Chainman, Dwight Pp. Inc. » Boston, Mass., on 
surveys. gp 0.2: : SP 0.2.mmSune—Oct, 19% 26 Rodman and ‘Instrumentman, Gibbs & Hill, 

7 — Ine. , New York City, on surveys, cross sections, staking and setting for Catenary supports | 
for railroad electrification (about 20 miles), TT. 0.2: SP 0.2.—Nov. 1926 to Feb. 1928 | 


Rodman, Transitman and Leveler with Day & Zimmerman, Philadelphia, on surveys, ys, 
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TT 0.6: 
_ Billerica, Mass., on surveys and subdivisions, plotting and tracing same. TT 0.2: P 


RC 0.2.—<April 1928 to Feb. . 1930 with Boston & Maine R. R. , until Feb. 1929 as ee and 
and Rodman, Portland Div., Dover, | N. H., being Concrete Inspector on bridge | 
struction, Instrumentman giving line and grade, cross sections, estimating quantities, bridge © “Rete 
construction, line and grade for new track and rock ballast, track and bridge see May 
and last year Rodman and Transitman, Constr. Dept., Boston, Mass., being Instrumentman, a ec 
line and grade inspecting, figuring quantities for bridge construction, Party on 
“surveys and construction in yard, line, grade, quantities and reports on highway and Bor 
railroad bridge construction. 1.1: SP 0.7: P 0.4: RC 0.4.——Feb. to April 1930 192. 
Materialman, United Engrs. and Constrs., Inc., Philadelphia, Pa., checking and “bein 
material from field offices at Norristown and South Langhorne, Pa. TT 0.1: SP 0. — Des: 
April 1930 to date of Party, with Damon & Foster, Engrs., Sharon Hill, Pa., on 
survey for pipe lines, Marcus Hook, Pa., to Ohio State line and Marcus Hook to Syracuse, — _ Fis 
N. property surveys and inspection of road and sewer construction, (1930) lines” Co., 
grades and Chf.. Inspector on 11 miles sewerage system (1931). TT £ bart 
RC 1.2% 4.1: SP 1.8: P 2.3: RC ‘Refers to E. W. Backes, HE “Doaraman, 
(16) RENO, SAMUEL HAROLD, Kans. “(Age 29. Born Scammon, Kans. ) 1923 
to 1926 Special student, Eng. School, Kansas State Teachers Coll: eey! to 1921 Chain- pull 
man and Rodman, Missouri, Kansas & Texas Ry., Office of Engr., \ of W., maintenance, cha 
Draftsman and Asst. County Engr Cherokee A 1. S: P 0.3: RC — 


1924 to 1925 Office Engr., Missouri State Highway Dept., on road plans. 0.5: 
D 0.5 926 to date with Kansas Highway Comm., until 1929 as Res. Engr. Crawford, 
and Cherokee Counties, on earthwork, culverts, bridges and paving, and since 1929 Main-| 
tenance Supt.. .7T 5.2: P 5. ‘Re 5. 8.2: SP 2.2: P RC 5.5 D 0.5. Refers 
to H. D. Barnes, W. ¥ tock F. W. E pps, C. 1 . Felps, J. F. Grady, A. A. Laird, I BE. a 


(13) ROGERS, FRANKLIN, 1430 Larkin St., San Francisco, Cal. (Age 43. Born Evans- Ma 
ton, Ill.) Structural Engr., State of Illinois. Student, ‘Armour Inst. “(1909 to 1911) and ‘tor 
Chicago Tech. (2 years, evenings). 1.—June 1912 to 1913 Rodman and for 
‘Transi man with Horn & Smith, Civ. ‘Engrs., Boise, Idaho. 05 SP 0.5.—<2Sept. 1913 
to ‘June 1914 Instructor in mechanical drawing and manual (Wash. for 
Public School.———<J uly 1914 to Feb. 1916 Draftsman for various architects in San F rancisco. : 7 (4 
04: 0.5.——_Feb. 1916 to Jan. 1919 with | Corrugated Bar Co., Chicago, Ill., detailing pre 
and designing reinforced buildings, estimating reinforcing steel, 1 year in charge. Ra 
os 2: GF 2: ft: RC 1: D 1=——Jan. to July 1919 Structural Engr. with A. S. Alschuler, ope 
‘Archt., hicago, designing steel and reinforced concrete buildings. TT 0.5: P 0.5: RC an 
D 0.5——July 1919 to July 1921 and July 1923 to July 1925 with Lockwood Greene & Co. : bri 

Chicago, until July 1921 as Structural Engr. , designing | reinforced concrete factory and _ 
7 mill buildings, some structural steel design and after July 1923 Structural and — 7 a En 
Engr., designing, specifications, letting contracts and supervising construction, . SP 

RO D 1921 to July 1923 Chf. Engr., Kalman Steel Co., Chicago, 


iin of all engineering work in drafting room, designing and detailing reinforced con-— 
-erete buildings. TT 2: P 2: RC 2: D 2.———=July 1925 to July 1926 Structural Engr. with 


Wm. H. Warner, designing reinforced concrete hotels, apartment buildings, churches, Ri 
‘ garages, etc. TT 1: P 1: RC 1: D 1.—=July 1926 to April 1930 in private practice, 19 
detailing and supervising construction of all types of reinforce ed concrete struc- 
tures, designed over 100 buildings, up to 20 stories in height. pT 3.7: P 3.7: RC 3.7:— 7 RC 
3.7.—=April 1930 to Oct. 1931 Structural Engr. with Allen & Garcia, ‘commission 
Tomsk, U. Ss. S. R. (Siberia), designing and detailing coal tipples, bunkers, etc. | TT 1.5: 1 


P15: RO 1.5: D 16.7: SP 2: P 14.7: RC 13.7: D 13.2, Refers to G. C. 
Breckinridge, A. P. Clark, A. B. L incoln, A. E. Lindau, M. White. 

- (10) SALMON, FRED ARCHER, Sr., P. 0. Box 93, Guin, Ala. (Age 31. Born Dadeville, =| =” 


Ala, ) ba March to June 1918 Tracer, F Sept. 1919 Rodman Tennessee Coal, Iron’ 
—& R. R. Co., Birmingham, _ Ala. TT 0.4: SP 0.4.—/9June 1918 to F eb. 1919 and Sept. 1919 © «4 
to April 1920 Rodman and Southern .Ry. 0.6: 06. ——eApril 1920 
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with ‘State Highway Dept. until May 1921 as Rodman Draftsman ; 
1921 to April 1924 Draftsman and Designer on plans; April 1924 to March 1925 Transit- | 
man on tention and (part of time) Acting Chf. of Party; March 1925 to Sept. 1927 Chf. 
of Party on location; since Sept. 1927 Res. Engr. in charge of construction (62 2/5 miles) 
and paving (23 2/5 miles) of road in conjunction with location and plan design for approx. 
95 miles. TT 10: SP 1.7: P 8.3: RC 6.8: D 5.3.—-_TT 11: SP 2.7: P 8.3: RC 6.8: D 5.8. 
Refers to H. D. Burnum, -~ W. Finnell, H. H. Houk, R. D. Jordan, J. W. Martin, J. HL 


SCHUMANN, GEORGE 1200 Bender Ave., Cleveland, Ohio. (Age 32. 
Born in Luxemburg. ) 1924. E., Inst. of Tech., Zurich. TT 4: P 4—<2March to Oct, 
1924 with Evence Coppee, Brussels, Belgium, field work for construction of 60 coke ovens, © 
- being Asst. to Supt. and acting as Interpreter. TT 0.6: P 0.6—=Oct. 1924 to June 1926 — 
Designer and Estimator, -Anciens Etablissments Paul Wurth, Luxemburg, responsible for 
design of five bridges, coal tipples, sheet-mill plant in Dudelange and cranes. 
1.7: RC 1.5: D 1,7 —_=July 1926 to April 1929 Structural Steel Designer, Dravo Contr. 


barges, ore bridge, etc. TT 2.8: P 2.8: D 2. 8.——<=A pril 1929 to date Designer, Arthur G 7 


Co 0., Neville Island, Pittsburgh, Pa., designing structural work, derrick boats, 


_ McKee Co., Cleveland, Ohio, on structural. steel and reinforced conc rete, including design © 
of foundations, gas-producer building, bins. and conveyor gallery, sewers, ete. for Newton — 
Steel Plant, Monroe, Mich., of platform and top structure for Davidson Co., Neville Island, 
of blast furnace ‘columns, stove foundations, blast furnace pl: utform and top structure, skip . 
‘bridge, -catcher and gas- -washer foundations, gas- main supports, limestone- crushing 
building | (steel and timber) and conveyor galleries, on Russian plant for. ‘magnitogorst, 
“checking: a of conveyor bridges and skip bridge for Hamilton Works, Steel Co. of © 
Canada, ete. 2.7: P 2.7: D 11.8: P 11.8: RC 1.5: D 7.2. Refers to 
K. Clarke, F. Feher, P. J. B. R. Magee, Sailer, - 
(6) SEDER, WILLARD JAMES, Greendale Ave., Edgewood, Pa. (Age 31. Born Meno- 


Wis.) 1921 B. S. in C. Univ. of Win, T7 4: P to Aug. 192 


Instructor, Civ. Eng. Dept., E Univ. of ‘Wisconsin. TT Cis 2s; 1—mJan. 
to June 1922 Computing Clerk, U. S. Forest Products Laboratory, Madison, Wis., computing | 
data on study of waste at saw mills. — TT 0.2: SP 0.2.—_July 1922 to date with McClintic- 
Marshall Co., until Dec. 1924 taking student training course, detailing» structural steel 
for office and mill buildings, ete. (4 months), | ‘Timekeeper = erection of structural steel 

for steel sheet mill buildings, , locomotive shops, Alfred H. Smith Memorial Bridge over 
Hudson River, Washington Crossing Bridge, Pittsburgh, Pa. (designed erection equipment 
for” 3 hinged arch spans) (1 5/6 years), and Structural Engr. designing steel structures 
(4 months) ; Dec. 19 24 to Aug. 1925 Structural Engr., preparing estimates of contemplated 
projects and designing mill buildings, _ viaducts, truss spans, etc.; since Sept. 1925 at 
Rankin Works, until March as Asst. Mgr., being responsible to Works Mer. for 
- operations, and since March 1931 Mer. in full charge of operations, involving detailing 
and fabricating truss and girder bridges, mill and office buildings, etc., including Outer- — 
bridge Crossing for Port of New York Authority, Ambassador Bridge from Detroit, Mich., 
“to Windsor, Canada, mill buildings for Great Lakes Steel Corporation, Detroit, and part ‘ot. 
Empire State Bldg., New York City. TT 8.6: SP 0. 8: P 7.8: RC 6.6: D 2.5 .——_TT 12.9: 
SP 1: P 11.9: RC 6.6: D 2.5. Refers to G. A. Caffall, P. A. Franklin, G. L. Gaiser, J. Jones, 
SHELDON, | ROBERT CLINTON, Box 1082, B Balboa, Canal (Age 27. . 
F indlay, Ohio.) 1926 B. S. in C. Ohio Northern Univ. TT 4: j—May to Nov. 
1925, May 1926 to May 1927 ‘Sept. 27 Nov. 192 8 Deputy County Surveyor, 
Monroe County, Ohio, acting as Asst. Engr. on county highways. TT SP 0.2: 
RC 1.1 D 0: to Sept. 1927 and’ Instrumentman, State Highway Dept. 


oe Wyoming. TT 0. 2: SP 0.2.——<=Nov. 1928 to date with Section of Surveys, The Panama re 


Fe 


co 


Canal, until March 1930 as Surveyor, and since then Jun. Engr., in charge of party on _ 
surveys and topographical mapping in connection with pages and maintenance of The — 

P 8.2 RC 2.6: D 0. Refers tc to _Elbin, G sodtrey, 3. Randolph, J ‘a Schley, 


42 5 West Ave., Philadelphia, ‘Pa. (Age 51. 


Clarksboro, 'N. Graduated in Mathematics, Drexel Inst. (1906) and | in Eng., Brooklyn 
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YL) Evening Technical School (1913).——<March 1899 to March 1903 Student and Asst. 
with Wm. M. Carter, C. E. ., Woodbury, N. J., on surveys, computation and plots of nystondl - 
_ city properties, trolley lines, improved highways and sewer system. TT 2.9: SP 1: P 1.9. 


_ survey. TT 0.1: P 0.1——April 1903 to May 1909 Transitman and Asst. Engr., - Phila- 


March to April 1903 Transitman for I. WwW. Hubbard, Philadelphia, Pa., on railroad 
delphia Rapid Transit Co., on construction of Market St. Subways, first on surveys, later © és 
measuring and computing, and finally in charge of relocation of underground structures 7 = 
and preparing record plans. TT 6.2: P6 G2: Re S$: 1909 to April 1910 Asst. Engr., pes 

_ Board of Water Supply, New York City, in charge of about 11/2 miles of ‘Catskill Aque-— a Fi 

- duct at Kitchawan, N. Y. TT 0.9: P 0.9: RC 0.9—eApril 1910 to Jan. 1917 Constr. | "Ee 

Fngr., E. E. Smith Contr. Co., on 4- track subway, 4th Ave. (26th «to. Fr 
St.), Brooklyn, Broadway (6th to 27th St. York City, and foundations «Se 

for concrete viaduct, Queens Boulevard, Long Island City, having charge of all construc 

tion and cost records. TT 6.2: P 6.7: RC 6.7.——eJuly 1922 to Aug. 1923 Supt., until | 
Sept. 1922 for Nelson-Pedley Co., Philadelphia, in charge of foundation work for 10-story _ 7 A 

building and shoring and underpinning adjacent properties, then with Keystone State 

Constr. Co. in charge of contractor’ s forces, constructing river piers and caisson work 
for land anchorage on Philadelphia for’ Philadelphia-Camden Suspension Bridge. 
TT 1.1: P 1.1: RC 1.1—_—mOct. 1923 to Feb. 1924 Engr. Supt., James Stewart Co., Inc., —  * 

Chicago, Ill., supervising driving piles and placing concrete foundations for grain elevator — P' 
in Philadelphia, and pneumatic caisson foundations for grade elevator at Oswego, N. Y. =. 


0 
TT 0.3: P 0.3: RC 0.3—meJan. 1917 to July 1922 and Feb. 1924 to Jan. 1931 Div. Engr. 7 | , 
and Jan. (1931 to date Constr. Engr., Dept. of City Transit, Philadelphia, in charge of con-— ; 
“struction of 4-track “gubway ‘station beneath City Hall and 2-track subway on Arch 
(8th St. to Broad St.) (51/2 years) and of 10 000-ft. section of 4-track subway, North 
Broad St., all track construction, large part of station-finish work, construction of 2-track 
‘subway and concourse under City Hall bagel 7 years), and since Jan. 1931 in charge of 
all construction of Dept., about 5 miles of 2-track subway construction, including track — 
laying, station finish and control, etc. (total “about $30 000 000). 7T 13.38: P 18.8: RO 
13.3.<emTT 31.5: SP 1: P 30.5: RC 25. 3. Refers to L. Costello, G 8. Frost, S. Harris, 
J. D. Jaques, L. B. Manley, W. R. Scanlin, R. C. Scott, C. H. Stevens, S. M. Swaab. 


SOURS, HAROL D GLENN, Shanty ngr.’s Office, Akron, Ohio. (Age 37. Born Man-— 


‘chester, Ohio.) 1916 B. Se., Univ. of Akron. 77 2: P 2—June 1916 to June 1918 ht, 
of Party and Office Designer, Barstow & McCurdy, Akron, Ohio, _ surveys, staking out sub- 
divisions, establishing street lines and lot corners, | platting and ‘computing allotment plats, 
planning and estimating street grading, sidewalks and sewers, supervising construction, etc. 
TT 1.5: SP 0.5: P 1—mJuly to Dec. 1918 with U. 8. Army, Ft. Monroe, Va., 3 months 
in Coast. Artillery” ‘School, commissioned 2nd Lieut., Coast Artillery. 0.3: SP 0.1: 

2 Jan. 1919 to date with Ohio State Highway ‘Dept., in Summit County, until June— 
1920 as Maintenance Supt. » in charge of maintenance and repair, then Constr. Engr. , ine 
charge of construction, surveys, plans and estimates, and since Sept. 1921 Res. Engr. in | 
charge of county highway, bridge and drainage work, including surveys, plans, estimates, 


specifications and construction, in charge of maintenance and 4 of county highways, 


since Sept. also County E ngr. of Summit County. TT P 13: 10. 
16. 8: SP 0. 6: 16.2: RC 10. 3. Refers to M. L. Davis, | Grubb, G. 
B. *. E. Swineford, KE. A. Zeisloft. 4 an 
ST EWAR’ r, ROBERT fast Sixtieth St., Seattle Wash. (Age 29. 


Born Grand Forks, N. Dak.) (1931 B. S. in C. Univ. of Wash. TT 4 1924to 
Nov. 1925 Cost Clerk, ‘Pacific Gas & Elec. Corporation, San Francisco, Cal., in construction = 
camp for large hydro-electric project. TT 0.9; SP 0.9 ne to Sept. Inspector, 
City of Seattle, Wash., on paving. TT 0.1: SP 0. 1.—=Sept. 1928 to Jan. 1929 Member of | 

firm and Gen. _ Foreman, Stewart & Breen, Seattle, paving, in charge of work. TT 0.3: = a 

P 0.3: Re 0.3.—mJan. to Oct. 1929 Sales Engr., B. F. _Easterbrooks Co., Seattle, in charge 

s all engineering and layout of material-handling systems. TT 0.8: P 0.8: RC 0.8: — ; 

D 0.8. ——June 1930 to Jan. 1931 Sales Engr., Consolidated Steel Corporation, Los Angeles, ’ 
Crane Engr. and Salesman for western Washington. 0.5: : 0.5: : RC 0. 
Summer 1931 Chf. of Party, of Interior, National Park Service, on layout and super- 
vision of construction of rents, trails, pump and power houses, water and 
lines =—=TT 6.6: SP 1: P : RC 1.6: D 0.8. Refers to G. BE. Hawthorn, C. C. More, | 
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SULLIVAN, CLARENCE THIE 39 West. “Sixth Angeles, Cal. (Age 33. 
Born Portland, Ore. 1923 B. S. C. E., Ore. Inst. Tech. 4 1919 May 
Chainman and Rodman, Pacific Spruce -constructio TT 
0.8: SP 0.8—e=June to Sept. 1920 Chainman, Rodman and Levelman, Long Bell Lumber 
on mapping and surveys. T 0.2: SP 0.2——meJune 1923 to “March Prin. Asst., 
Govt. Bridge Dept., ., On construction River Suspension Bridge, 5 months (in 
sence of superior) in charge of work. TT 0.8: P08: RC 0.jem—meApril 1924 to Oct. 1925, 
‘Field Engr., Gen. Petroleum Corporation, Los Angeles, Cal., having responsibility in con- 
7 nection with design and construction of plants in Seattle, Wash., Portland, Ore., and San 
Francisco and Oakland, Cal. TT 1.5: P 1.5: RC 1: D 1—Oct. 1925 to Jan. 1926 Engr., 
_Johns-Manville, Inc., on> construction | of Pacific Coast Plant, Pittsburg, Cal., being respon- 
sible for design of foundations - (building and machinery) and structural steel work. 
= TT 0.8: P 0.3: RC 0.3: D 0.5mmFeb. 1926 to date with Union Oil Co., Los Angeles, until 
Aug. 1926 as in charge of construction in Oregon (2 months) and of 
design and construction of bulk stations, marine terminals and refineries in Alaska — 
Canada (4 months) ; Aug. 1926 to June 1927 Asst. to Constr. Engr. on special assign-— a 
- ments, consisting of design and construction of reservoirs, fire- -walls, compressor plants, © 
= ; June to Dec. 1 927 Asst. _ Res. Engr., first in charge of construction of bulk storage 
plant and marine terminal at Hoquiam, Wash., designed (in field) and built ‘fire-walls, 
doe ks, and heavy pile foundations with reinforced concrete pads for tankage, “and after 
Oct. in charge of design construction of reinforced concrete drain 
piling, in Portland; Dec. 1927 to Nov. 1928 Res. Engr. in charge of ali engineering work — 
ie distribution group on Pacific Coast reporting to Engr., 1928 Cons. 
ingr. in charge of all design construction for group. TT 5.7: 5 5.7: RC 5.72 
5. i—TT 12.8: SP 0.5: P 2.8: RC TES D 6.4. Refers to F. W. Karge, G. . 8. Lane, — 


(16) VICKERY, ALBION KENT, 2088 Forest Denver, Colo. (Age Born 
Essex County, N. Y.) 1889 to 1892 and 1893 to 1898 with City and County of Denver as _ 7 
Rodman, Chainman, Transitman and (3 years) Asst. Engr. in charge of field work. ar _ 
5.5: SP 2.5: P 3.—_-#1892 to 1893 Transitman on irrigation project in Wyoming. © TT (0.5: 
SP 0.5 —1898 to 1900 Location Engr., Rape Irrigation Co., on irrigation project i 
Alberta, Canada. TT 2.5: P 2.5: D 2.5 ——=1900 to 1901 Asst. Location Engr., ‘Colorado 
& Iron Co. @? 15: P :D 1. 5.1901 1904 Deputy City Engr., ‘Denver, 
charge of and of some construction. D 904 to 1919 Cons. 
and Contr. Engr. . Denver, 2 years as member en firm, Vickery, Foster & Collins, | and 
remainder of time of firm Vickery, Foster & Doll, on surveys, designing plans for nat ol 
a ~ tion projects, sewer and water-works systems for small towns, some contracting (approx. a 
7 $300 000), including construction of small railroad bridges, concrete construction on dam | 
and tunnel at Valier, Mont., grading, curb and gutter construction and some storm-sewer 
work for City and County of Denver, some water and sewer construction at various places. 
TT 15: P 15: RC 15: D 15.=——=1919 to date with City and County of Denver until 1921 
j as Gen. Supt. of Parks, in charge of road and bridge construction in mountain parks and of © 
improvements in city park systems, and since 1921 Chf. Engr. in full charge of surveys, 
= grades, construction of pavements and of storm and sanitary sewers, widening — 
streets, etc. (total approx. $25,000,000). TT 13: P13: RC 13: D 41: SP 
88: RC 28: D 25. Refers to J. B. Bertrand, W. Curtis, Fr Free- 
man, D. D. Gross, M. GC. Hinderlider, V. K. 


VIRGILIO, NICHOL .AS, 4133 P Paulding Ave., New York (Age 23. Born, 
York City.) 1931 B. in E., Manhattan Coll. j—mJan. to 1927 Eng. 
Asst., Leo J. Ehrhart, ‘Inc., and Contrs. , New York City, acting as Chainman, Rod- 
Notekeeper, Computer, Draftsman, etc. 0.3: SP 0.8. ——Summers, 1929 and 1930 
successively, Jun. Draftsman, Consolidated Tel. & Elec. ‘Subway Co., New York City, 
7 Se, etc, and Topographical Draftsman with ‘Harry | Fa Philips, Ener., Pelham Manor, 
‘N.Y, computing, | chaining, acting as Rodman, Transitman, etc.—TT 4.8: SP 0.8: P 5. 


ay VON KARMAN, THEODOR, California Inst. of Technology, Pasadena, Cal. (Age 50. 7 
Born Budapest, ‘Hungary. ) 1902 M. E. Kiralyi Jozsef Muegmetem (Tech. Univ. 
pest, Hungary. 1908 Ph. D., Univ. of Goettingen, Germany. D. E. (Hon.) Tech. a 
4 e, Berlin. —1902 to 1903 Private, Austrian- Hungarian Army. 


“ 
- 
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| 
7 
— 
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1906 Research Engr. , Ganz & Co. “Machine Works, Budapest. 2.6: 


to 1908 graduate student, and 1908 to 1912 Instructor, Univ. of Goettingen. TT4:P4— 


(4) ¢ 


1912 to 1914 and 1918 to 1930 Prof., Univ. of Aachen; Director of Aeronautical Inst. ( Ele 
14: P 14: RC 14.—-—1914 to 1918 with Austrian Hungarian Army, as Lieut., Capt., 
and Chf. of Experimental Dept., Aviation Service. 4: P 4: RO 4: D 2.———1930 
date Prof., California Inst. of Director of Aeronautical Laboratory. TT 1.5 
RC 1.5 —T'T 29: SP 1.5: P 27.5 5: RC 19.5 : D 2. to F. J. Converse, 
Martel, WwW. We Michael, F. ‘Thomas, H. M. Westergaard. for 
(5) ane EDWIN PERCIVAL, Assoc. M., 418 Gunter Office Bldg., San Antonio, Tex. re 
(Elected May 12, 1919. (Age 43. Born Ft. Tex.) B. Sc. in Civ. Eng, Fo 
and 1919 C. E., Agri. & Mech. Coll. of Tex. TY 4: P 4.—=Nov. 1906 to Sept. 1907 scl zs 
and Draftsman, Ft. Worth & Denver City Ry. SP 0.4.—June 1910 to July 1911 
_ Structural Drafts man, Eng. Dept., The Texas Co., maiated: Tex., on design of warehouses, i 
buildings, wharves, steel tanks, etc. 77 1.2: P12: D 15 1911 to May 1913 Jur 
Office Engr., “Medina Irrigation Co., San Antonio, Tex., on rveys ‘and construction of canal 
system, had charge of estimates, cost keeping and supervised design of canal structures, - 
siphons, flumes, etc., ‘and ‘acted in executive capacity. 1.8: RO 1.8: 
‘June 1913 to Sept. 1914 Asst. . Engr., on various projects, Ebro Irrigation & Power Co. 5 ; = 
Barcelona, Spain, in Tesponsible charge of surveys, | irrigation and hydro- electric projects, — F op 
estimates and designs. | TT: Les P 1.3: RC 1.8: D 1.3.=——-ec. 1914 to May 1915 Engr. i = 
in immediate ee of surveys and studies for drainage project, Waco, Tex. i O65: > 
P 0.5: RC 0.5: D 0.5 «June 1915 to July 1916 Chf. Draftsman, Office of City Enegr., E 
San Antonio, Tex., supervised design of miscellaneous structures and estimates, extensive * 
municipal improvements. 1:3: 123: BC D 1.2.—Aug.to Nov. 1916 Engr. in Dept. 
a Engr.’s Office Southern Dept., U. Army, Ft. Sam San Antonio, Tex., designing 
‘warehouses, hospitals, office, ete. TT 0.3: 0.38: D 0.3.—/[|.-June 1918 to April 1919 
Structural Draftsman, Navy Dept. , Bureau of Yards and Docks, Washington, ‘Dic, 
design of shipbuilding ways, crane runways and water-front improvements. TT 0.8: Pp 0.8: ae 


D 0.8.——<Dec. 1916 to June 1918 and May 1919 to March 1930 member of firm, ; 
Walter Arneson, Civ. Engrs., San Antonio, ~Tex., on topographic surveying, irrigation 


and highway projects, studies, structural ‘designing and general civil engineering. | 
?P 11.3: RC “11.8: 8. 3——<March 1930 to date in private practice of civil Ae 
SP 0.4: + 24.1: RC 17.8: D 11. 1. Refers to G. Gilchrist, J. L . Lochridge, he Be McKenste, : = 
MeN J. Norris, W. Robinson, A. P. Rollins, J. A. Sargent, Ww. Oo. (9 


(7) ‘HENRY, Assoc. M. 2959 North sixth Wis. 
_ (Elected Oct. 1, 1928.) (Age 37. Born Milwaukee, Wis.) 1917 B. S., , Univ. of Wis, | 
OT 4: Po 4 Feb. 1913 to May 1917 (while student) on mechanical drawing and time- — 
keeping, Cutler Hammer Mfg. Co. (about 7 months), laying reinforcing steel, Newton Eng. ; 
Co. (3 months), and shop work, Chicago, Milwaukee & St. Paul - Ry. Co. (3 months). a 
_ May 1917 to May 1919 Capt. of Infantry, ‘U. S. Army, on construction of large target 


P1 1922 to date with City of Milwaukee as follows: Jan. to 1922 


range, complete set of field fortifications, special surveys, construction, moving and © ef 
razing of buildings, etc. oe; 1: P 1—<June 1919 to June 1920 Estimator, Draftsman al ir 
Designer, Worden Allen Co., Milwaukee, on structural steel work. D 0.5 
Sune 1920 to Jan. 1922 Mech. Draftsman, Prime Mfg. Co. + Milwaukee. 


man on plans for new pumping station; June 1922 to May 1923 Asst. -_Engr., , in charge of | 
; grade separation, design of grade separation projects and laying out work in field; May — -_ : 
to April 1924 Structural Designer, design and drawing work on Riverside Pumping Station; _ ; 
April 1924 to March 1926 Gen. Eng. Designer, surveys, plans, specifications and designs fp 
for retaining walls, hollow sidewalk reconstruction, grade separation projects, ete. March 


1926 to Jan. 1927 Special Asst. Engr., on special surveys, reports and investigations on - 
a various projects for City Engr.; since Jan. 1927 Engr. - in charge of design and construc- 
tion of pumping stations, being responsible for design, installation. of mechanical equip- 


ment and construction of buildings for Water Dept., including pumping elevated 


tanks, etc. TT 10: P 20: RO 2. TT 17.5% 17.5: RO 5: D 2.5. 


_R. H. Cahill, T. C. Hatton, E. L. Knebes, R. R. Lundahl, J. P. Schwada, C. U ‘Smith. 
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(4) COURTENAY, WILLIAM ALOYSIUS, Jr., Assoc. M f., 23 Parkway Ave., Chester, Pa. 
- - Elected Oct. 14, 1919.) (Age 48. Born Philadelphia, Pa.) 1900 to 1906 with William 
Cramp & Sons & Engine Bldg. Co., designing and superintending erection. 8.52 
a SP 2. 5: P 1: RC 1.—_=1906 to 1907 with Southeastern Constr. Co., drafting and field 

on Philadelphia & Western R. R. TT 0.5: SP 0.5.—=1907 to date with Sun Oil Co., 
until 1920 as Plant Engr. at Marcus Hook, Pa + charge of design and erection of work 

for oil refinery, and since 1920 Megr., Constr. Dept., Philadelphia, in charge of design and 
at of service stations and bulk terminal facilities, duties included charge of design, — 7 
estimates, field construction forces, supervision of drafting room, etc. ; png Sel 
Bees ‘of Marcus Hook. TT 25: P 25: RC 22: D 3=——eTT 29: SP 3: P 26: 

AC 23: D 3. Refers to J. ‘Adler, A. G. a H. S. Farquhar, V. Gelineau, © W. R. = 

H ighes, Jr. .. A. C. Kaestner, E. Kitchen, W. Nason, J. H. Neeson, #H J. Sherman, a 


11  @ 2) CURRY, TRUMAN MINOR, Jr., Assoc. M. , Box 102, Watertown, Conn. - (Elected Feb. | 
8, 10, 1930.) (Age 37. Born New York City.) 1916 C. B., Columbia Univ. TT 4: P — 
13 1916 to May 1917 Asst., Eng. Dept., New York Content R. R., Poughkeepsie, N. Y., 
al acting as Asst. Inspector on construction of railroad station ( ¥ 4 year) and on — 
surveying and engineering ‘SP 0.38: P 0.8. 1017 


ra _ Jan. 1920 with Corps of Engrs., U. S. Army, about 4 months as Lieut., then Capt., 
in r 


esponsible charge, acting as Instructor, Bridge Section, Army Engr. School, Langres, 

a France, prepared course of lectures and supervised construction and field work (Feb.—Aug. | 
1918) ; Company Commander, 6th U. S. Engrs., A. E. F. (2 months) ; Camp Utilities Officer, 
Camp Upton, N. Y. (4 months), and remainder of time as student in various army schools. 


TT 26.2. P 2. 5: RC 1.1.—Feb. 1920 to June 1926 Engr. with Hugh L. Thompson, Cons. 
ve = a Engr., Waterbury, Conn. » on engineering work for industrial plants, etc., supervising and 
expediting construction, preparing specifications for and ordering materials, equipment 
labor, and designing structures. TT 6.4: P 64: RC 3.2: D 1.6.——July 1926 to Jan. 1930 
19 _ Asst. Engr., Bureau of Eng., Waterbury, Conn., in charge of Trunk Sewer Dept., = 
a plans and specifications, bony for contracts and superv ised construction of new inter- 
cepting sewer 35: P RC 8.6: 1 — ‘eb. 1930 to date Associate 
Nicholas S. Hill, Jr. , Cons. Engr., New York City, in charge of 

a a specifications for water- purification and sewage- treatment plants, sewers, ete., also con- 
‘T T RC 1 1.9. —TT 18.9: 0.8 18.6: RC 9.7: D 3. Refers to A. 
Aeryns, R. Cairns, H. H. Chase, W. Clarke, J. K. Finch, N. S. 8. 


DAUDT, RALPH BRUERE, Assoc. M, 2629 Robinwood Ave., Toledo, Onio. (lected 
ie 7, 1913.) (Age 44. Born Toledo, Ohio.) 1907 A. B., and 1910 C. E., Cornell Univ. 
TT 4: P 4 June 1909 to date with The A. Bentley & Sons Co., Toledo, Ohio, until 
Jan. 1910 as Asst. Field Engr. on construction of dry-dock for Toledo Shipbuilding Co.; 

— Jan. 1910 to Jan. 1911 Field Engr. on construction of Kinsey Mfg. Co.’s building © (2 7 
_ months) and of Woolson Spice Co.’s building (3 months), both in Toledo, and of Evans- = 
ville (Ind. ) Filter Plant (7 months), also. ‘Asst. Supt. on the latter; Jan. to” July 1911 
— Asst. Supt. construction of Beaver Power Bldg. and Schwind Bldg., Dayton, Ohio; 


et 7 aay to Oct. 1911 Branch Mer., » Dayton Office; since Oct. 1911 Chf. Engr. in charge of - 
id estimating» technical purchases, also of design and | construction of power, commercial, 

“industrial, water and sewage plants, docks, bridges, etc.; since July 1922 also Vice- Pres. 
~ | 3 'T 22.2: P 22.2: RC 20.2: D 20—eeTT 26.2: P 26.2: RC 20.2: D 20. Refers to L. M. a 
‘Gram, P. Jones, G. V. -Rhines, G. N. Schoonmaker, G. A. Taylor. 

GENTHON, RENE MARIUS, Assoc. M., 157 Second St., Clifton, N. (Bleeted Jan. 14, 

1; 1024.) (Age 88. Born Clifton, N. J.) 1915 in Civ. Eng., and 1923 C. B., 
ns q ; hattan Coll. TT 4: P 4.—=1 year (prior to June 1915) surveying on various projects.— 

oh 04 _ June 1915 to April 1916 on surveys and developments, and (4 months) | on highway con- 

gtruction under County Engr. of Hudson County, N. TT 0.9: P 0.9: RO 0.5: D. 0.5 .—_ 

a 1 = 1916 to April 1917 with J. H. Grozier Co., Contrs., Hartford, Conn., as Estimator 

i. a i and Detailer of industrial construction, later Asst. Supt., Clerk of Works. TT 1: P 1: 

1: D 0.8.—<§April 1917 to Oct. 1919 with U. S. Army, 1st Engrs., 1st Div., as Private, 


(1918) years overseas ; had of surveys and — 
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in Military bridge “Eng., , design, and demolition 
Third School for Officers (A.E.F.), and San. Engr. with Army of Occupation 
Germany. , ea 2.5: P 2.5: RCO 2.5: D 2—_—ct. 1919 to April 1920 surveys, development, | 
_ street layouts, grade maps, drainage, ete., estimating and designing for local contractors. _ 
TT 0.5: P 0.5: RC 0.5: D 0.5—eemApril 1920 to July 1921 with Passaic Water Co., Mont 
Clair Water Co., and eleven allied companies, being Engr. in charge of construction, 

including miles of 30-in. lock bar steel pipes through Paterson, N. » ete. ; Asst. 


Chf. Engr. on valuation reports for properties of East Jersey Water Co. and allied -com- 7 sabia 
panies and design of additions in charge of design of reservoir with distribution system 7 aah 

(16 miles, 4-to 24-in. pipe) for Haledon Borough, N. J., study of distribution system and pe 

report of recommendation my Overbrook and Caldwell Institutions of Essex County N. J. ; poss 
TT 1.2: P 1.2: RC 1.2: D 1.2—eaJuly 1921 to Jan. 1928 Asst. City Engr., Clifton, in| “ ve 
charge of surveys, grade maps, establishing grades, estimates, specifica- a 
tions, records and reports, design of storm-water sewers and drains ($120 000), , of additions - : Wate 
to water-distribution system, and A under direct co-operation of City Engr.) of studies for RC 
7 ¥J grade crossing elimination and park development, layout of new streets (paving program, : De ” 
estimated $2 000000); assisted in design and supervision of construction of sanitary 
sewer system ($2 500000); designed and supervised construction. of fire- and -police-alarm high 

a systems; made study of traffic for police regulation, ete. TT 6.6: P 6.6: R C 6.6: D 6.6. ae: Vl 
—Jan. 1928 to Oct. 1929 estimating, detailing and cost accounting on sewers, water-  -! 
works, bridges, ete., for numerous contractors engineers, including principally work 

as Res. Engr. for Watson & Pugh, Cons. Engrs. of New York and Philadelphia, on appraisal bet 

= and studies for improvement and extension of sewerage system in ‘Long Branch, 
design of extensions and improvements to sewerage system of Bloomfield, N. J., , for City _— town 

‘Engr., small bridges, culverts, etc. TT 1.7: P 1.7: RO 1.7%: D 1.7.——Oct. 1929 to date - 

Res. Engr. for Geo. A. Johnson, Cons. Engr., New York City, assisted in design and was = 
Res. Engr. on construction of sewage-disposal plant, with booster stations, — clarifiers, - 
separate sludge digesters, sludge drying beds, etc. (total $1 000 000), and sewerage system = 

r (trunk sewers up to 54 in., total about $900 000) for Norwalk, Conn., made detailed | eo. 
designs of various had charge of construction, changes in design, 
estimates, ete. TT 2.4: P 2.1: RC 2.1: D 20. 43 P. 20.5: RO 16.1: D 15.4. 


Refers to F. Childs, A. Ww A. E. 
on 


(15) HUFFMAN, “THOMAS ELL SWORTH, Assoc. os 1203 Nixon Bldg., Corpus Christi, wi 
Tex. _ (Elected Aug. 4, 1924.) (Age 50. _ Born Antioch, Ohio.) | 1907 C C. E., Ohio Northern vee 
“ Univ. | TT 4: P 4—_——1907 to 1910 on railroad location and construction, until 1908 as “@ 
_ Transitman, then Res. Engr. for Artesian Belt Ry. Co. on construction. TT 2.2: SP 0.5: 192 
oP 1.7.——=1911 to 1913 Chf. of Party on railroad location and irrigation surveys, estimates, Jur 
under San Antonio (Tex.) ‘Chamber of Commerce, ee... TT 2.7: P RO Ma 
1913 to 1915 Topographer and Draftsman, St. Louis a South Western Ry. Co.  —-T Ze AU 
SP 1.——1915 to 1922 in private practice of highway engineering, making surveys, plans” as 


and specifications and supervising construction, including about 40 miles of highway for | dra 
Cooke County, Tex., and, as E ngr. for Denton County, a road- building program ($2 000 pao : : wo 


involving approx. 200 miles of highway. 1 7: P 7%: RC 7: D 7.——m1922-1923 made_ 
study of highway problems in various states; also special student at Massachusetts Inst. - 
of Technology.——=Nov. 1923 to March 1930 County Engr., Webb County, Tex., in charge - 
of surveys, plans and construction on State and County highways. TT 6.3: Pp 6.3: RC 6.3: 7 No 
D 6.3.——_Aug. to Nov. 1923 and March 1930 to date with a State Highway Dept., | 

2 as Div. Engr. in charge of construction and maintenance, and since March 1930 reel 


Vir 
ngr. in charge of surveys, plans and construction. pte £8: BE D 1.7 24.2 
SP 1.5: P 22.7: RC 16.3: “ai 15. Refers to T. W. Bailey, S. F. Crecelius, Cc. M. Davis, Je M. - "me 


Howe, 0. H. Koch, J. T. L. McNew. 

(16) JONES, CL ARENCE | STRAIN, Assoc. M., 312 Vine St., Leavenworth, Kans. (E lected Re 
Junior Sept. 2, 1914; Assoc. M. April 19, 1920. ) (Age Born Leavenworth, Kane. 


‘to 1913 with City (Mo.) Co., , as nuit. and on West 
‘Kansas Ave. bridge. n TT 0.8: SP 0.3.—_<(May to Oct. 1914 Draftsman, Kansas City Struc- 
tural Steel Co., detailing mill buildings. 0.23 SP 0. 2 1914 to Jan. 1916 Engr., 
Eng. Co., Falls City, charge ot of highway bridges in ‘ 
South Dakota, Nebraska and Oklahoma. TT 1.2: RC 1.2.—Jan. 1916 to May 
1917 member of firm, Jones & Barth, Cons. Engrs., nl and building work, etc. TT 1.8: 
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3: D 0.5—-June 1911 to sane aie April 1913 to May 1914 and May | 
to det Wits Missouri Valley Bridge and Iron Co., first as Templet Maker and Draftsman, 
and after April 1913 Asst. ‘Engr. designing and detailing superstructures, substructures and 
G falsework for bridges, etc.; about 2 months loaned to Hedrick & Cochrane, Cons. Engrs., 
Kansas City, designing and ‘detailing part of machinery for Pine Bluff Lift Bridge. TT 15.5: 
LE: RC 13.6: D 14.1——_TT 19.5: SP 1.8: P 17. T? RO 16.28: 6. Refers 
to E. H. Barkmann, V. H. Cochrane, E. H. Connor, I. G. Hedrick, H. C. Tammen, H. PL 
Treadway, H. S. Tullock, F. E. Washburn, O. A. Zimmerman. 
*. KIMBRELL, GEARY, Assoc. M., 544 East Fifty-seventh ‘St. North, Portland, Ore. — 
(Elected June 16, 1919.) (Age 54. _ Born Union, Ore.) Sept. 1895 to. June 1899 
| student, Univ. of Oregon. TT 2: P 2.———_June 1899 to July 1902 successively Transitman 


| - months), Topographical Draftsman (9 months), Supt. of Constr. for Pendleton (Ore.) — 


Water Works (4 months) and Architectural Draftsman (about 1% years). 3: 
@ RC 0.8: D 1.2——July 1902 to June 1919 with Umatilla County, until Jan. 1911 as _— 
Deputy County Surveyor, then County Surveyor, on surveys and highway location, and 
after Jan. 1915 County Highway Engr. in charge » of location, design and construction of 

highways and— highway structures, including steel and reinforced concrete bridges, rock 

s: walls, rock grading and surfacing; dn City Engr. of Pendleton, on design and construction 
of sewer system ($50 000), street improvements (over $620 000), a reinforced concrete 

two steel highway bridges, reinforced concrete retaining walls (special design) ; 
also on private work, including surveys, designs, estimates, reports, etc., on city and 
townsite work and for irrigation and power companies, also technical witness, etc., design 
and construction of levee ($26000) for Eastern Oregon State Hospital, survey, design 
and estimate for hydro-electric power plant for Milton, Ore., etc. (given in detail in appli- 
“4 cation). TT 16.5 : P 16.5: RO 11.1: D 6.1—=June to Aug. 1919 Highway Engr., U. S. 
Govt. Bureau of Public Roads, in charge of location of 50-mile project across Wasatch 
Mountains, Utah. TT 0.2: Pp 0.2: RC 0.2.—Sept. 1919 to date with City of Portland, 
«Ore. until Dec. 1922 as Draftsman, Public Works Dept., on design and estimates of sewers 
and street improvements, street extension, evaluation and reports, then Draftsman, Bridge 

Div., on designs and estimates, and since March 1925 Asst. Bridge and Highway Engr. 

on design and estimates of bridges, a walls and water-front seawall. a TT 12.2: 
12.2: RO 8: D 10.5——TT 33.9: P 33.9: RC 19.6: D 17.8. Refers to J. W. Cunningham, 

T. Fowler, O. Laurgaard, C. B. H. A. Rands, W. Raynor, O. E. Stanley. 

a) PETT IGREW, ROBERT LESLIE, Assoc., M., Cape Haitien, Haiti. (Elected June 19, 
1922.) (Age 38. Born Salem, Mo.) 1915 B. S. in C. E., Mont. State Coll. TT 4: P 4.— 

June 1915 to June 1917 Asst. Engr. in Forest Products, U. S. Forest Products Laboratory, 
Madison, ‘Wis., tests on structural woods and research on forest products. 2: P 

Aug. 1917 to Feb. 1927 C ommissioned Officer, _ Corps of Civ. Engrs., wUz. Ss. Navy 6 months » 

as Chf. Draftsman and Senior Asst . to Public Works Officers, Navy Yard, New York, on 4 

"drafting, design and specific vations; 6 months special work on ‘specifications and tests of — 

parts for aircraft construction, WwW ‘months in charge of construc- 

‘tion, Naval Air Station, Brunswick, Ga.; 2 5/6 years Public Works Officer, Naval Station, _ 

Virgin Islands, also in charge of Public Works for Island Govt., including design and 
construction « of general municipal works; 1 1/3 years Senior Asst. to Public Works Officer, 

“Norfolk, (Va.) Navy Yard; 3 5/6 years Asst. to Engr. in Chf., Republic of Haiti, on 
design and construction of general municipal and government projects, including water- 

works, drainage, roads, irrigation and public buildings. 9.5: P 9.5: RC 9.5: )D 3— 

Feb. 1927 to date Mer., , Haitian American Development ‘Corporation, in charge of develop- 

of agricultural and manufacturing enterprise, including selection, design and 

“struction of railroad, power plant, water supply, facilities, factory and buildings, 

transmission line, ete. TT 4.8: P 4.8: RC 4.8: D 2.—_—_TT 20.8: P 20.8: RC 14.8. D 5. 
Refers to H. Cooke, L. E. Gregory, C. Nyland, A. L, Parsons, D. C. Webb. 


WILL IAMS, “HOWARD JAMES, Asse. 44 School St., Boston, Mass. (Elected Oct. 


10, 1927.) (Age 36. Born Kingston, Ont., Canada.) 1917 B. S., Queens Univ. 1920 M. &S., 
Mass. Inst. Tech. ——aApril to Nov. 1917 Field E ngr., Cedar Rapids Power Co., 
Que., on construction. 0.3: 0.3. —-Nov. 1917 to Oct. 1919 with Hydro 
Elec. Power Comm. of Ontario, ‘= oleae Queenstown Power Development as Field 


Engr. on 16: SP 0.8: P 1919 to June 1920. Graduate 
Massachusetts Inst. of Technology.—June 1920 to Feb. Asst. Enegr., Maine 
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Water Power Comm., Augusta, and reporting on water- power ‘resources 
of the State. TT 2.7: P 2.7: RC 2.7: D 1—<March to April 192 3 Asst. Engr. with John | 

. Vaughan, Cons. ‘Boston, on stream-flow storage studies, TT 0.4: P — 
April 1923 to July 1926 Asst. Enegr., Designing Div., Water- *-Supply Board, Providence, 
ae on design of structures for Scituate Reservoir, aqueduct, distribution reservoirs and > 
mains, valuation of condemned mills and water powers. TT 3.2: P 3.2: RC (28: D 2.2. 
=——<=July 1926 to date Asst. Engr., with Fay, Spofford & Thorndike, Cons. Engr rs.,. Boston, 

_ Mass., being Prin. Hydr. and Structural Designer on several dams, _ reservoirs, _ water- 
supply and sewerage systems, bridges and buildings, preparing plans, specifications and 
reports. TT 5.5: P 5.5: 5: D 17.4: SP 0.6: P 16.8: RC 9.9: 8.2. Refers 
to H. K. Barrows, A. C. D. Senet, eat . Farwell, F. H. Fay, C. M. Spofford, 

Lowe FROM: THE GRADE OF JUNIOR 


(15) DE GEURIN, LEWIS CLAUDIUS,  Jun., Tex. (mectea Aug. 18, 20. Age 
27. Born Overton, Tex.) 1926 B. S. in Civ. Eng., La. State Univ. 
1921 to May 1922 Jun. Architectural Draftsman, Office « of Superv. Arecht. ¥; Treasury Dept., ‘ 
Washington, D. C. TT 0. 3: SP 0.3.—Feb. to Sept. 1924 Transitman for R. H. Parkin- 
son, Engr., San Antonio, Tex. » 0.3: SP 0.3 —Jan. to May 1925 Draftsman, Louisiana 
State Highway Dept., Baton | Rouge e, La., plotting level “notes, quantity surveys, etc. — 
July to Sept. 1926 Instructor in Civ. E ng. for L. Mondel (private school) and Structural 
Draftsman, Union Carbide & Carbon Co., both of New Y ork City. TT 0.1: SP 0. 1—Sept. 
1926 to date in private practice, until Sept. 1931 as Civ. Engr. at Harlingen, Tex., and 
Phoenix, Ariz., on designs of steel and concrete structures, etc., and since then as Land 
Surveyor and Cons. Engr., at Overton, Tex. | TT 5.8: P 5.8: RC 5.8: D 5.38=x<_[IT 10: 
SP 0.73: P 9.3: RC 5.3: D 5.3. Refers te W. H. Becker, J. Leahy, B. W. Pegues, A. Tamm, 
“Galen Lic A 


(4) 3 Jun., 728 Center Bethlehem, Pa. (Elected 
Oct. 1, 1926.) (Age 24. Born Schenectady, N.. 1926 C. E., Lehigh Univ. — 
_— 1926 to Aug. 1928 with Dravo Contr. Co., , Pittsburgh, Pa., until Oct. 1 1927 as Estima 


tor and Designer, on bridges, dams, walls, cofferdams and caissons, then Res. _ Engr. , on 
construction of U. S. Dam No. 6 Allegheny ge in charge of engineering work, monthly | 
estimates and reports. bs 2 1: RC 0.8: 0.3.—m_Aug. to Nov. 1928 
Designer for F R. ork City, on pile sea-walls and rein- 
forced concrete and structural steel. TT 0.3: P 0.3: D 0.3.=—Nov. 1928 to date Chf.— 
Draftsman and Designer, Eng. Dept., City of Bethlehem, Pa., on municipal works and 
3: RO3: D 9.4: P 9.4: RC 3.8: D 3.6. Refers to P. 


J. Fogg, R. Fox, H. G. Payrow, W. L. Wilson. 
(11) GARDNER, RUSKIN TENNEY, Jun., 323 West Vernon St., Phoenix, ly 
4 April 18, 1927.) (Age 28. Born Thate her, Ariz.) 1926 B. S. in C. E., Univ. of Ariz. 
S TT 4: PS =—a<June 1926 to April 1927 Draftsman, Middle Rio Grande Conservancy Dist., 
Po Albuquerque, N. Mex., drafting caieaaniies quantities and checking design computations on 
irrigation, drainage and flood-protection project. TT 0.5: SP 0.5 April 1927 to June 
1928 Draftsman, Inspector and Asst. Designer, Maricopa County Municipal Water Conserva- 
tion ‘Dist. No. 1, Phoenix, Ariz., drafting, designing and estimating quantities for ee 
structures and Field Inspec tor on installation of irrigation system and structures. TT 0.5 
‘SP 0.5.——_June 1928 to date with City Water Dept., Phoenix, as Engr. i oe 
and special consultants in "preparing preliminary 
expansion of water and sewer at present Asst. Supt. of Water 
operation of Dept. TT 3.5; P 3.5: RO 2.5: D 8. 5: SP : RC 8.5. 
Refers to J. AL Fraps, C. E. A. F Howell, 
(14) HIGHF ILL. JAMES BODENHEIMER, ‘Rex- -Moore Apts, Seminole, Okla. (Elected 
March 11, 1929.) (Age 29. Born Trinidad, Colo.) Student, School of Eng., Milwaukee, — ly 
Wis. (Sept. 1918 to June 1919), and in Civ. Eng., Univ. of Wis. (Sept. 1921 to June 1922) © 
and Univ. of Kans. (Sept. 1923 to June 1924). 77 1: P 1.——April to July 1918 Head 7 
c hainman, F.A.P. 42, Pawhuska to Pershing, Okla. Sept. 1919 to Sept. 1920 Draftsman, 
| Midland Tool and Supply Co., Pawhuska, on oil- well tool designing and detailing. TT O42 
SP 0.4 to 1925 Chf. of Party, ‘Republic of Mexico, Mineral Land Sur- 
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with County Osage Counts, Jan. as Dreftensa, detail- 
1s ing and general layout, earthwork, bridge and alignment plans of county, state and U. Ss. J 
highways, then Chf. of Party, on location surveying, classification, estimating and : 
struction of roads, bridges and drainage structures on county highways. TT 41: 8P 0. 
P 3.9: RC 3.4: D 1——June 1929 to date with Oklahoma State “Highway Cor 
pt. 1930 as Chf, of Party, on construction of reinforced concrete paving (approx. ‘ gray 
setting form hubs, laying grade and calculating earth quantities, grade and drainage in 
Lincoln County (4% miles) and Oklahoma County (1 mile), being in responsible charge 
of field work and calculating quantities ; Nov. 1930 to July 1931 Chf. of Party in complete 
charge on reconnaissance and final location of State Highway 37, Norman, Okla. , to Cleve-_ 
oe Co. line east and in complete charge of field work on approx. nine miles of reinforced — 
< concrete paving, F.A.P. 131; Aug. to Sept. 1931 Instrumentman on location; at present Chf. 
_ of Party on construction. — TT 2.3: SP 0.1: P 2.2: RC 2.2..——_=TT 8.5: SP 0.7 : P78: RC 
Ber D 1. Refers to M. E. Binckley, H. W. Crawford, C. W. McFerron, G. G. Toler, hfe 
: June 4, 1928.) (Age 28. Born Titusville, Pa.) 1920 to 1922 and Sept. — 1923 to Feb. 
1924 student, Univ. of Mich. TT 1: P 1.——Summer 1922 Eng. Camp Davis, ‘Univ. of 
_ Michigan. weeSept. 1922 to Sept. 1923 Inspector, Rodman, Instrumentman, Draftsman and a 
‘Res. Engr., Michigan State Highway Dept. TT 0.5: SP 0.5.—=Feb. to May 1924 Chf. of 
‘Survey Party with W. E. Brown, Civ. and Landscape Engr., Miami ‘Beach, Fila. 
O1—May to Aug. 1924 ‘Instrumentman, ‘Washtenaw County. (Mich. Road Comm. 
0.2: SP 0.2.—Feb. to Oct. 1925 Chf. of Survey Party with Fred 
ngr. and Surveyor, Toledo, Ohio. TT 0.7: RC 0.7.——_May to July 1926 Drafts- 
man, Erie Office, Pennsylvania State Highway Dept. TT 0. 1: SP 0.1 ==July to Dec. 
Instrumentman with B. _E. Briggs, Civ. Engr., Erie, 0.2: BP 0.2 —Oct. 
1925 to May 1926 Draftsman, and Jan. 1927 to March 1928 Senior Engr., city” Engrs. _ 
Office, Toledo, Ohio. 1.5: 0.3: RO 1. 2.—March 1928 to Merch 1929 
3 Engr. for M. Rabbitt & Sons, Inc., Marine ‘and Highway Contrs., Toledo, Ohio . 772: P i: ve 
RC 1.—.March to Sept. 1929 Engr. with Geo. Champe & Associates, Cons. Engrs., Toledo, -_ 
Ohio. TT 0.5: P 0.5: RC 0.5.—_Sept. 1929 to April 1931 Field Engr. with Waddell 
Hardesty, New York City, on high level suspension bridge at Toledo, Ohio. 
1.6.——mApril 1931 to date Pres. and Mer., Toledo ‘Surveyor, Inc., , surveying, mapping Dy 
and subdivision. _ IT 0.7: POT: RC SP 1.4: P 6.7: RC 4.1. Refers to 
H. Smith, G. A. “Taylor. 
OWEN, WILLIAM VICTOR, Jun., n., 15 58 State St 
1926.) (Age 28. Buffalo, N. Y.) 1926 B. S. in ‘Bas. Univ. of Mich. TT 4: 
June 1926 to April 1927 Structural Draftsman and Detailer, Turner Constr. Con, 
Contrs., Buffalo, N. Y. , drafting and on design» of concrete deta ails, reinforcing, etc., i 
2 months in field supervising of pile foundation. BF 6.4: —April 
1927 to July 1929 Chf. Inspector of Eng. “Improvements, Town m.. 
charge of inspection and etait of all public contract work, including manor al 
supply, sewers, sewage- -disposal plant, refuse incinerators, park improvements, etc 
P £25 RC 1929 to date Asst. Engr., Chf. Engr.’s Office, New Y ork 
_ Telephone Co., Albany, N. a on structural design of telephone buildings, garages, store- ne 
houses, strengthening of existing buildings, _ investigating foundation conditions, water 
and on design of retaining walls, also supervising t field. 
SP 0.5: P 1.5: RCO 1.5: D 1.5.<<=IT 8.6: SP 0.9: P 7.7 : RC 3.7: D 1.5. Refers to 


B. L. Cushing, G. C. Diehl, F 0. Francis, E. P. Lupfer, H. Ryon, P. H. Woodworth, ce 


a POWELL, JOHN EDWARD ‘CHARLES, Jun., 7441 Sixty- -second St., Glendale, N. 

(Blected Jan. 18, 1 1926.) (Age 27. Born Brooklyn, N. Y.) 1925 5c. Rens. Pol. Inst. 
4 July 1925 to April 1926 Eng. Asst. with H. wan, Planner, New 5 
ork City, planning surveys, ‘designs and covering zoning, traffic- congestion 

studies , grade- crossing elimination, thoroughfare and civic- development plans. 0.8: 
- ?P 0.8.eeApril 1926 to May 1927 Draftsman with Gibbs & Hill, Cons. Engrs., New York 
City, design of steel bents and columns, foundations, guys, anchors and catenary 

trolley- wire system for railroad electrification. 1.1: P 1.1: RC 1927 to 

Asst. Engr., York Central R. R., 
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New York of steel plain and reinforced founda- 
tions, design of falsework and investigating and strengthening Guttene for timber trestles, _ 

' design of timber framing, floors and walls of ferry house building. - TT 2.8: P 2.8: RC 1.8. 
1929 to Dec. 1930 Asst. Ener. “with Frederic Harris, Cons. Engr., New York 
«City, design and studies of piers, ‘dry docks, temporary subway construction, heavy founda- 
tions and handling cranes. 1.2: RC 1.2.—m—April 1931 to date in charge of 
design squad, Gibbs & Hill, Cons. Engrs., New York City, supervising design of steel bents — ' 


VELZ, , CLARENCE JOSEPH, -Jun., 2411 Hudson Terrace, Coytesville, N. J. i (Elected 
Oct. 1, 1926.) (Age 30. Born Shakopee, Minn.) 1924 B. S. in C. E., and 1929 C. E., 
Univ. of Minn. TT 4: P 4——2 years graduate study, Public Health Eng., Columbia Univ. 
-=<1918 to 1920 First Asst. to Donald Childs, Minnesota Highway Dept., on location and 
re construction, also municipal work; 1920 to 1923 (while student) plans and surveys for 27 
miles Federal Aid Highways. TT 1: SP 1.—-=|June to Nov. 1924 Leveler, New York Cen- 
tral R. R. Co.  *1T 0.2: SP 0.2.—-Nov. 1924 to Aug. 1925 Rodman, Illinois Central R. R. 
Ce . TT 0.4: SP 0.4.——Aug. 1925 to April 1926 Ch. Engr., C. A. Blair & Co., Inc., in 
charge of development (4300 acres) in Florida, mapping, paving, — water supply, sewage 
- disposal, designing and supervising construction. TT 0.7: P 0.7: RC 0.7: D 0.7 —A pril 
1926 to date Chf. Engr. with F. J. Oleri, Mun. and San. Consultant, on investigations, 
reports and design, sewerage systems, pumping station, disposal works , ete, precise sur- | 
_veying, supervising construction of several large school buildings and commercial struc-_ 
tures, design and supervision of construction of parks, playgrounds, swimming pools and © 
reinforced concrete stadium. TT 5.7: P 5.7: RC 5.7: D 5.7 —_—TT 12: SP 1.6: P 10.4: 
RC 6.4: D 6.4. Refers to F. Bass, G. V. Guerin, Jr., = T. Larsen, J. Muss, F. J. smell 


Board of Direction will consider the in ‘this list not less 
thirty after the date of its issue. 
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8-19, 1932 


“ANNUAL MEETING, NEw York, 


5 
Membership, 


Afternoon. —" Technical Meeting. 
Evening. — Pr resident’s no 


1932: 


Evening. — 


5:00 P. ev 


M, 


‘at 12:00 
fembers, particularly | Sone from out of town, are cordially invited to ‘use this room 
on their visits to New ork, have their mail addressed there, and to 


it is for meeting others. There is a file of 274 current periodicals, 


— 


